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SKIMMED MILK AS A SUPPLEMENT TO CORN IN 
FEEDING.* 


By THOMAS B. OSBORNE ann LAFAYETTE B. MENDEL. 
With THe oF ALFRED J. 


(From the Laboratory of the Connecticut Agricultural Experiment Station 
and the Shefheld Laboratory of Physiological Chemistry, 
Yale University, New Haven.) 


(Received for publication, July 30, 1920.) 


Practical experience has shown that corn-meal and skimmed 
mulk form a combination which promotes the rapid growth of 
voung animals as well as poultry. Laboratory experience has 
lately shown that the good results obtained with this mixture are 
due to the fact that the nutritive deficiences of the corn-meal are 
made good by the constituents of the milk. As the high cost of 
these food products makes it important to use them in the most 
efficient proportions, we undertook the experiments deseribed in 
this paper. These were made with the following considerations 
in mind. 

The food intake of animals is chiefly determined by their calor- 
ifie requirements. In agricultural practice corn or corn-meal usu- 
ally furnishes the major part of the calories of the ration. Tt 
skimmed milk is fed separately and before the corn-meal the ani- 
mal may readily cat more than enough to supplement properly the 
corn, if fed milk after the corn it may eat too little. The proper 
way to feed these products, therefore, would be to mix them so 
that both may be eaten at the same time. Such a method would 
he particularly advantageous for those who have an irregular sup- 
ply of skimmed milk because in this wav all the latter would be 
used under conditions of maximum efficiency. Furthermore cach 
individual animal would get more nearly its proper quota of the 


* The expenses of this investigation were shared by the Connecticut 
Agricultural Experiment Station and the Carnegie Institution of Washing: 
ton, Washington, D.C, 
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2 skimmed Milk as Corn Supplement 
milk than if it were allowed to drink it from a trough in company 
with others. 

Our first experiment was designed to show how efficient a mix- 
ture of equal weights of skimmed milk and corn-meal would be 
and what deficiencies, if any, it might have. We intended to 
repeat this experiment using a smaller proportion of skimmed 
milk if the mixture of equal parts proved adequate, but this has 
been rendered unnecessary by experiments recently described by 
Hart and Steenbock! who state that 


a highly efficient protein mixture is not obtained until the pro- 
portion of liquid milk to corn-meal reaches 1:1; in this proportion the 
milk nitrogen will constitute approximately 30 per cent of the total nitro- 
ven of the ration. 

These data relate only to protein efficiency and of course are not to be 
interpreted as indicating the amount of miik necessary for providing an 
adequate supply of vitamines or salts to an animal with a growth rate 
similar to that of swine.”’ 


Since their experiments supplement ours and ours supplement 
theirs in respect to the features indicated we here present our 
results with the approval of Hart and Steenbock.* 

We fed four albino rats on a mixture of 91.5 per cent of vellow 
corn-meal and 8.5 per cent of * Krystalak,” a preparation of 
dried skimmed milk containing 35 per cent of protein (NX 6.38) 
and 2 per cent of fat. The skimmed milk thus furnished one- 
quarter of the 11.55 per cent of protein which the food contained, 
while the milk fat was equal to only 0.16 per cent of the food mix- 
ture. The Krvstalak contained 8.37 per cent of ash, thus contrib- 
uting to the food mineral salts equal to only 0.7 per cent of the 
muxture. 

Hart and Steenbock’s experiments show that the protein in 
this food should be adequate, both in quality and quantity.  Ae- 
cording to Steenbock and Boutwell,? SS per cent of vellow corn- 
meal supplies enough of the fat-soluble vitamine for normal 
growth and reproduction of albino rats when a salt mixture con- 


i Wart, B., and Steenbock, J. Brol. Chem., 1920, 167. 

> As these authors have stated that they have complete experiments with 
rats similar to those they have reported with pigs, we did not feel at liberty 
to anticipate their publication without consulting them. 

> Steenbock, H., and Boutwell, P. W., J. Biol. Chem., 1920, SI. 


; 
: 
; 
4 
4 


T. B. Osborne and L. B. Mendel 3 


taining sodium chloride, calcium lactate, and ferric citrate is also 
added, and the corn proteins are supplemented with casein. We dq 
should therefore expect our food mixture to be adequate in re- 


spect to this food accessory. Since 71 per cent, or more, of corn- j 
meal has been shown by MeCollum, Simmonds, and Pitz! to sup- | 
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Cuart 1. Showing the effeet of supplementing corn with milk in the 
food of growing rats. In Period 1 growth was limited by the lack of suf- 
ficient suitable salts in the mixture. When these were supplied in Period 2 
and subsequently by addition of 2 per cent of our salt mixture, good growth 
was secured, Addition of a vitamine preparation obtained from yeast 
(Rats 5629, 5579) did not exhibit any advantage, thus suggesting that 
skimmed milk and corn in the proportions used furnish sufficient water- 
soluble vitamine. Other details are referred to in the text. 


J. Biol. Chem., 1916, 


*MeCollum, E. V.. Simmonds, N.. and Pitz. W.. 
Xxvill, 153. 
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ply enough of the water-soluble vitamine for the normal growth 
of albino rats, there is no reason to suspect that our food mixture 
is deficient in this respect. 

The only question that deserves serious consideration is whether 
or not the salts supplied by the milk sufficed to supplement 
adequately the known mineral deficiencies of the corn. In the 
proportions used the & per cent of Krvstalak contributed only 0.7 
per cent of inorganic matter to the ration. The results of our 
experiments show that this is not cnough, as if was necessary to 
add some of our standard salt mixture? before normal growth 
was made. 

Chart 1 shows that Rat 5625 grew at a rate greater than the 
normal without any other addition to the diet than the salt mux- 
ture. Under the same conditions Rat 5618 grew somewhat bet- 
ter than at the normal rate for 160 days, but during the next SO 
davs it lost a little weight. This was recovered within 2 weeks 
when 5 per cent of butter fat was added to its ration. During a 
considerable part of the time Rats 5629 and 5579 received LS mg. 
daily of a coneentrated preparation of the water-soluble vitamine 
rom veast, an amount previously proved to supply alone enough 
of this vitamine for normal growth. The chart shows no beneficial 
effect after the addition of this preparation, or any unfavorable 
effect when it was discontinued. ‘These rats did not grow so well 
as the other two, their rapid early gains during the first 130 days 
being followed by very slow growth. After 218 days of feeding, 
the addition of 5 per cent of butter fat caused no better growth. 

These experiments indicate that this mixture of vellow corn- 
meal, skimmed milk solids, and salts may be slightly deficient in 
the fat-soluble vitamine. In practice such a mixture rarely forms 
the sole diet of voung animals and when, as is generally the case, 
some green fodder is caten this possible deficiency would be pro- 
vided for. It is possible that the deficiency in mineral matter 
would also be compensated in this way, but it would be well to 
add about 1 pound each of caletum carbonate and sodium chloride” 
per LOO pounds of corn-meal to be on the safe side. 


>The composition of this salt mixture is given by Osborne, T. B., and 
Mendel, L. B., J. Biol. Chem., 1919, xxxvii, 572. 

6Cf., McCollum, E. V., Simmonds, N., and Parsons, H. T., J. Biol. 
Chem., 1919, xxxvii, 165. 
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RESPIRATION OF CEREAL PLANTS AND GRAINS.* 
II. RESPIRATION OF SPROUTED WHEAT. 


By H. BAILEY A. M. GURJAR. 


Brom the Division of Agricultural Biochemistry, Minnesota Agricultural 
Erperiment Station, St. Paul.) 


Reeeived for publication, June 21, 1920.) 


Respiration in frost-damaged wheat has been observed by us! 
to beat a higher level than in normal or sound wheat of the same 
moisture content. This was believed to be due, in part at least, 
to the higher percentage of dextrose and other simple carbohy- 
drates in the frozen wheat. It then appeared desirable to deter- 
mine the effect of sprouting upon the respiration of the grain, to 
ascertain whether or not this form of unsoundness in bulk grain 
could be expected to affect its keeping qualities. 

A quantity of normal hard spring wheat was divided into three 
portions: one of which was wetted and allowed to sprout for 24 
hours in the room at a temperature of +20°; the second was 
sprouted under the same conditions for 48 hours; while the third 
Was tised in its original state as a control. The sprouted wheats 
were rapidly dried by spreading them out in-oa thin laver and 
blowing air over and through them with an electrie fan. They 
were thus reduced to a moisture content of about 12 per cent. 
Mach of the three samples was divided, and the several portions 
brought to different percentages of moisture by the addition of 
Varving quantities of water. After standing for 3 days each of 
these was sealed in a tower, incubated at 37.8°C. for 4 days, and 
the respired COs determined, 

(‘hemieal analysis of the several samples showed the normal 
Wheat to contain 0.16 per cent of reducing sugars (calculated as 


* Published with the approval of the Director as Paper 204, Journal 
series, Minnesota Agricultural Experiment Station. 

' Bailey, C. H., and Gurjar, A. M., Respiration of stored wheat, J. Agric, 
LOIS. x11, GSS (note pr. GOT 
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dextrose), while the samples germinated 24 and 48 hours con- 
tained 0.59 per cent and 1.11 per cent respectively, the ratios 
of the three samples being 14.4:53.2: 100 in the order named. 
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PERCENTAGE OF MOISTURE 


Fic. 1. Graph showing the relative rates’of respiration of norme! and 
sprouted wheat. 
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The quantity of COs respired by each of these samples with 
different percentages of moisture is shown in Table [and in Fig 1. 


The latter indicates that at moisture contents of 12 to 16 per 


eent the sprouted grain respires decidedly more vigorously than 
the normal grain. At 12.5 to 14 per cent of moisture the ratios 
are approximately 1:4: 10 for the normal, the 24 hour, and the 
48 hour sprouted samples, which are not far different from the 
ratio of ther reducing sugar content. 


TABLE LI. 


Respiration of Normal and Sprouted Spring Wheat. 


Normal. | sprouted 24 hrs. sprouted 48 hrs. 
respired ("Os respired COs respired 
er gm. per 100 gm per LOO 
Moisture. wl dry matter | Moisture. of dry matter | Moisture. of dry matter 
ineach 24 hrs. | ineach 24 hrs. | in each 24 hrs. 
per cent mi). per cent rit}. per cent Whig}. 
| | | 
11.39 0.216 | 12.19 4: 1 950 
15.94 7.320 | 


The shapes of the curves are somewhat different as well. Thus 
we find the acceleration of respiration with increasing moisture 
to be rather gradual between 12 and 14.5 per cent of moisture 
in the case of normal wheat, while the sprouted wheats show much 


greater acceleration between these limits. 

These data establish that respiration, and consequently the 
quantity of heat energy released per unit of time and material, 
proceeds at a higher rate in sprouted grain than in normal wheat. 
This would be of significance in commercial storage of bulk cereals, 
and in grading grain when the grading svstem takes cognizance 
of respiration and keeping qualities in storage. 
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III. RESPIRATION OF RICE PADDY AND MILLED RICE. 


By H. BAILEY A. M. GURJAR. 


(From the Diviston of Agricultural Biochemistry, Minnesota Agricultural 
periment Station, St. Paul.) 


(Received for publication, June 21, 1920.) 


In our paper on the respiration of stored wheat! we discussed 
the seat of respiration in the wheat kernel. It appeared, froim 
published data, that respiration was most active in the germ or 
embryo, and lowest in the endosperm. To test this hypothesis 
further, we secured a series of samples representing rice paddy, 
and its milled products at different stages of milling. These 
were furnished by Mr. J. Mitehell Jenkins, Superintendent of 
the Riee Experiment Station at Crowley, Louisiana, who kindly 
obtamed them from one of the Crowley rice mills. The rice was 
of the Blue Rose variety, 1.000 average kernels of which weighed 
29.07 gm. 

We proceeded to compare the respiration of the rough rice 
or paddy with that of the rice from the “stone” and from the 
“huller.” That from the stone had practically all the lulls 
removed, as well as part of the germ, while the rice from the 
huller had advanced another stage in the milling process, and had 
most of the bran and germ removed. Portions of each of these 
three kinds of material were brought to different percentages of 
moisture by the addition of varving quantities of water. The 
treatment accorded them and the method of determining respir- 
atory activity were similar to those emploved inthe wheat studies 
reported in the paper mentioned above. 

In Tables I and I] and Fig. 1 is shown the relative respiratory 
activity of these samples. Fig. | and Table IT indicate plainiy 


* Published with the approval of the Director as Paper 205, Journal 
Series, Minnesota Agricultural Experiment Station. 

' Bailey, C. H., and Gurjar, A. M., Respiration of stored wheat, J. Agree. 
Research, WIS, xii, 
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that the rice paddy respires much more vigorously than the milled 
rice, and that, as the milling proceeds, the rate of respiration 
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PERCENTAGE OF MOISTURE 
Fic. 1. Graph showing the relative rates of respiration of rice paddy, rice 


from stone, and rice from huller. 


diminishes. Thus, the rice from the stones respired approxi- 
mately 0.6 and that from the huller about 0.3 times as vigor- 
ously as the paddy. . 
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Since the data presented in Table IT were of necessity obtained 
in working with lots which did not vary uniformly in moisture 
content, the respiratory activity of each lot at even percentages 
of moisture was computed. These interpolated data are given 
in Table II, and establish the relative respiratory activity of the 
several lots more satisfactorily than the values given in Table I. 


TABLE I. 


Respiration of Paddy and Milled Rice Incubated at 37.8°C. for 4 Days. 


Paddy. 
respired 
er 24 hrs. 
foreach l00gm., 
of dry matter. 


Moisture 


per ce nt Mig). 


Rice from stone. 


Moisture. 


per cont 


respired 
per 24 
for each 100gm. 
of dry matter. 


my. 


Moisture. 


per ce nt 


Rice 


from huller. 


("Odes respired 
per 24 hrs. 
foreach l00 gm. 
of dry matter. 


1O 37 0.27 10 0.27 O13 
| 13 54" 0 35 12.87 
3.22 | Of 14.75 1 03 14.14 0.29 
15.35 2 06 15 03 0.68 
16.11 8.22 | | | | 36.49 


TABLE II. 


Interpolated Quantity of Carbon Dioride Respired per Unit of Time and 
Material at Even Percentages of Moisture. 


COs respired per 24 hrs. for each 100 gm. of dry matter 


Sample. 
16 per cent 
moisture 


15 per cent 
moisture 


14 per cent 
moisture. 


13 per cent | 


12 per cent 
momture 


ma. my. my. my. 

From stones........ ) 0 32 | 0 60 1.46 4.70 


The aeceleration of respiration with increase in moisture con- 
tent was then computed, using, as in the studies on wheat, the 


K K 


formula in which A,, represents the rate of respi- 


ration at a particular percentage of moisture, and A,,_; represents 
the rate of respiration of the same sample containing | per cent 
of moisture less than A,,. 


These data are given in Table III 
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and show that the acceleration due to increasing moisture is much 
the same in all three samples. This is also indicated by Fig. 1. 
The acceleration, within the limits studied, is materially greater 
than was found in our work on wheat 


TABLE 


Acceleration of Rate of Respiration of Rice Paddy and Milled Rice with 
Am Ky, 


. ‘ 
Tnereasing Morsture 


Acceleration between the following percentages of moisture, 


Ito percent Isto percent reene Loto lo percent 
From stones. 10 SS 45 2.46 


| 


The results of this study appear to support our previous con- 
clusion that the germ or embrvo is the seat of the most active 
respiration in a typieal grain. It also shows that with different 
cereals the relative acceleration of respiration with an increase 
in the moisture content of the grain varies with different species, 
being greater in rice and its milled products than in hard wheat. 


Bailey and Gurjar,! p. 694, 
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IV. THE RESPIRATION OF FROSTED WHEAT PLANTS. 


By BAILEY anno A. M. GURJAR., 


From the Division of Agricultural Biochemistry, Minnesota Agricultural 
Experiment Station, St. Paul.) 


Received for publeation, June 21, 1920.) 


In a previous paper! we presented the results of a study of the 
respiration of wheat which had been frozen in the field before 
ripening. It appeared that the grain of such wheat, which had 
been thus frozen and subsequently thawed, respired more vigor- 
ously when stored in bulk than did normal wheat of the same 
moisture content. The greatest proportional difference was ob- 
served when the respective samples contained between 14.0 and 
16.5 per cent of morsture. 

To account for these differences between frosted and normal 
or sound wheat, it was postulated that, after freezing and then 
thawing, hvdrolvsis of certain complex carbohydrates probably 
proceeded at an increased rate. The products of this hydrolysis, 
and particularly the glucose thus produced, apparently constitute 
the substrate for the respiratory enzymes. The increased pro- 
portion of substrate may have aecelerated the reaction induced 
by these enzymes and thus resulted in the respiration of more 
(‘Oo per unit of time, and consequently the liberation of more 
heat energy. 

It appeared that, if this hypothesis was sound, we should find 
that on freezing and then thawing the entire plant before it 
ripened «a difference in the respiration of such material and of 
plants not frozen should be observed. We accordingly selected 
what appeared to be average plants in a field of Minnesota No. 


* Published with the approval of the Director as Paper 206, Journal 
Series, Minnesota Agricultural Experiment Station. 

' Bailey, C. H., and Gurjar, A. M., Respiration of stored wheat, J. Agric. 
Research, VOUS, xii, GS5. 
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169 bluestem wheat. Plants were cut at different stages of growth, 
the stems being severed 4 to 5 em. above the ground level. This 
was done at 9.30 a.m. Half of these plants were immediately 
frozen by placing them in a refrigerating plant at a temperature 
of about —6°C. The following morning they were thawed in 
the air and then sealed in long glass tubes of about 5 em. internal 
diameter. The other half of the plants, which were not frozen, 
were placed immediately after harvesting in similar glass tubes. 
Both lots were incubated in a dark thermostat for 24 hours at 
30° and the respired COs was determined by absorption in Ba(OH), 
in the ‘Truog tower as described by Gurjar 
From the data thus secured it appeared that the frozen plants 
respired more vigorously during the first 24 hours after thawing 
than did plants which had not been frozen. The proportional 
TABLE I 
Respiration of Normal and Frozen Wheat Plants. 


CO; respired per 100 @m. of dry 


Weight per 1,000 matter in 24 hre 
in kernels atte 24 hrs. 
Frozen plants. Normal plants. 
per cent qm my. mg. 
Aug. 51.57 21.89 2, S02 
43 54 24.0 2486 1.855 
1,722 


30.03 | 29.5 


difference is not so great as was observed in the stored grain. 
It is possible, however, that the differences would have been 
greater had measurements been made after the material had stood 
a longer time after thawing. 

The data given in Table | include the average percentage of 
moisture in the plants as cut, the weight per 1,000 kernels of the 
grain in the head after it had been cut and dried, and the CO, 
respired by the frozen and thawed, and the unfrozen plants. The 
grain was nearly ripe enough to harvest at the time the samples 
were taken on August 20, 1917. This is more or less evident from 
the weight per 1,000 kernels on that date, which is as great as the 
average weight of a similar number of ripe kernels. 

>? Gurjar, A. M., The adaptation of Truog’s method for the determina- 


tion of carbon dioxide to plant respiration studies, Plant World, 1917, xx, 
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While no sweeping conclusions can be based on these data, they 
suggest that the extent of damage to the grain, as viewed from 
the milling and baking standpoint, might be indicated by the 
relative difference in respiration between plants frozen and thawed, 
and plants harvested at the same time but not frozen. As the 
plants approach maturity the relative difference between plants 
treated in these ways materially diminishes. The damage to 
the grain is generally coneeded to diminish similarly. When a 
point is reached in the maturing of the plant where freezing and 
thawing do not accelerate respiration, it Is highly probable that 
the grain will not be affeeted in its milling qualities by such 
treatment. That the moisture content plays an important part 
is indicated by the data. Desiceation accompanying maturity 
suppresses the activity of the enzymes responsible for respiration, 
and doubtless similarly suppresses the hydrolytic enzymes which 
unfavorably affect the quality of the grain. 
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RESPIRATION OF CEREAL PLANTS AND GRAINS.* 


V. NOTE ON THE RESPIRATION OF WHEAT PLANTS 
INFECTED WITH STEM RUST. 


By C. H. BAILEY anp A, M. GURJAR. 


(From the Division of Agricultural Biochemistry, Minnesota Agricultural 
Erperiment Station, St. Paul.) 


Received for publication, June 21, 1920.) 


During the crop season of L917, a series of studies was conducted 
involving the respiration of wheat plants. In one phase of this 
work a number of rust-infected Marquis wheat plants were 
selected about 2 weeks before maturity, and cut a few centimeters 
above the crown of the plant. These plants were severely in- 
fected, being rated at between SO and 90 per cent on the scale 
emploved by the office of Cereal Investigations, United States 
Department of Agriculture. 

The harvesting was done at 9.30 a.m., and the plants were 
sealed at onee in glass tubes. At the same time a like number 
of plants of the same variety not infected with rust were cut and 
placed in similar tubes. Duplicates of both lots were secured, 
and these were placed at onee in a dark thermostat at 30°C. 
After 24 hours the tubes were removed and the respired COs: 
was determined, 

In Table Tare shown the moisture content of the plants, weight 
of 1.000 kernels after drving, and milligrams of carbon dioxide 
respired in 24 hours (a) per 100 gm. of dry matter, and ()) per 
plant. The rust-infeeted plants had a decidedly lower moisture 
content than the sound plants on the day they were cut (August 
9 1917), due, presumably, to the accelerated transpiration of 
rust-infected tissues. The moisture content was actually as low 
as that of normal plants in an adjoining field a week later. The 


* Published with the approval of the Direetor as Paper 207, Journal 
Series, Minnesota Agricultural Experiment Station. 
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TABLE 1. 


Respiration of Normal and Rust-Infected Marquis Wheat Plants Harvested 
August 9, 1917. 


Moist ure 1,000 


Sample. in plant. | kernelsof Per 100 
dried grain. gm.ofdry Per plant 
| matter. 
per cent | gm. my md 
Normal plants... .., 4608 | 19.54 2,904 46 
Rust-infected plants..............| 46.41 | 20.44 1,60 30016 


kernels in the heads of the infeeted plants were somewhat heavier 
although the difference is not significant. The rate of respiration 
of the infeeted plants was materially lower than the sound plants. 
If respiration of these tissues is In any sense a measure of metabolic 
processes it appears that metabolism was decidedly depressed 
in the rust-infeeted plants. This may afford an index to the 
metabolism of such infected material, and the consequent effect 
upon the filling of the kernel. 
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OCCURRENCE OF DIASTASE IN THE SWEET POTATO 
IN RELATION TO THE PREPARATION OF 
SWEET POTATO SYRUP. 


By H. C. GORE. 


(From the Bureau of Chemistry, United States Department of Agriculture, 
Washington.) 


(Received for publication, July 18, 1920.) 


The manufacture of svrup from sweet potatoes by the use of 
malt has long been a matter of publie record.' Directions for 
the small seale production of sweet potato malt svrup were issued 
by the Department of Agriculture in February, 1919. The neces- 
sity for use of malt, however, apparently has prevented any wide 
use of the method. 

Further work on the production of the svrup has unexpectedly 
revealed the fact that the sweet potato is so rich in diastase that 
nearly all the starch becomes converted into soluble carbohydrates 
by autolysis upon slow cooking. Moreover, the hot pulp formed 
by crushing the cooked sweet potatoes drains readily, thus per- 
mitting the easy recovery of the sweet Juices. Sweet potato 
svrup, therefore, can easily be made without the use of malt. 

The method consists simply in so heating the potatoes in the 
water that the tissues are heated at the temperature of maximum 
diastatice activity for from 10 to 20 minutes, then heating to boil- 
ing in order to soften the tissues, crushing, and separating the 
sweet Juices from the insoluble pulp. The juice is then evapor- 
ated to svrup with or without further treatment. 

kor example, 1 kilo of Porto Rico potatoes was covered with 
water in an aluminum kettle, placed over a Fletcher burner, and 
the water heated to 60°C. The gas was then turned down and 
the heat applied very slowly so that the temperature gradually 
rose from 60 to 80°C. during an hour and from 80° to the boiling 
point during the next 3 hour. The boiling was continued for 4 

'U. S. Patent 109,991 was granted to Charles Delamarre on December 
6. ISTO. 
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hour, when the potatoes were thoroughly soft. They were then 
mashed in the water in which they were cooked and enough water 
was added to form a thin pulp. The sweet juice in the pulp was 
then freed from the insoluble pulp ingredients by suction, using a 
Buchner funnel and filter paper, and the residue on the filter 
repeatedly exhausted with hot water. The filtrates were com- 
bined, evaporated to a thin svrup, and weighed. The weight was 
714 gm. and the Brix reading at 20°C. was 37.6°. Thus, 714 & 37.6 
or 268.5 gm. of syrup solids had been exhausted from 1 kilo of 
sweet potatoes. The dried pulp weighed 59 gm. ~The svrup was 
finally evaporated to a solids content of about 75 per cent. It 
was a slightly turbid, amber-colored liquid with a faint, pleasant 
odor and a sweet taste, with a slight flavor of the sweet potato. 
It contained a little soluble starch as shown by the iodine test, 
but not enough to cause it to thicken upon standing. 

The sweet potatoes can be prepared for extraction by simply 
cooking them in water as in preparing for table use, but the result- 
ing syrup will contain enough soluble starch to cause it to thicken 
upon cooling and standing. ‘Tests on the diastatic power of ex- 
tracts of sweet potato and sweet potato flour were made by Lint- 
ner’s method as deseribed by Brown.’ 


Degrees 

Lintner 


SUMMARY. 


Sweet potatoes are high in diastatic power and it is possible to 
convert nearly all their starch into soluble carbohydrates by slowly 
cooking the potatoes in water. The pulp formed by mashing the 
cooked potatoes with hot water drains readily, permitting the 
‘asy recovery of the sweet Juice. 


2 Brown, A. J., Laboratory studies for brewing students, New York, 
1904, 

3 Reduced to pulp in a Herles press (Herles, b., 8(h Internat. Congr. Appl. 
Chem., 1913, xxvi, 5). 

4 Produced by shredding sweet potatoes with beet knives, drying in a 
rapid current of hot air, grinding, and bolting. 
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CALCIUM REQUIREMENT OF MAINTENANCE IN MAN.* 


By H. C. SHERMAN, 
With THe CoopeRaTION oF A. R. Rose anp M. 8. Rose. 


(From the Department of Chemistry, Columbia University, New York.) 
(Received for publication, July 29, 1920.) 


The demonstration upon laboratory animals by Osborne and 
Mendel,! that calcium necessarily occupies a prominent place in 
the inorganic food supply, and that of MeCollum, Simmonds, 
and Parsons,’ that calcium is one of the limiting factors in a very 
large proportion of our staple foods, lends added interest to the 
measurement of the calcium requirement in man and the com- 
parison of the amount of ealcium required for normal human 
nutrition with the amounts found in the ordinary freely chosen 
food of representative families or other groups of people. 

Results obtained in this laboratory several vears ago® indicated 
that, in so far as could be judged from the limited data deter- 
mined at that time, it was by no means safe to assume that a 
freely chosen food supply would always furnish calcium in quan- 
tity sufficient to afford a safe margin above the actual require- 
ments of normal nutrition. 

further study, therefore, seemed desirable and the purpose of 
the present paper is to summarize the data of a considerable 
number of additional laboratory experiments and to compare 
them with the findings of further observations upon actual food 


supplies. 


“Published as Contribution No, 342 from the Department of Chem- 
istry, Columbia University. 

1 Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1918, xxxiv, 151. 

2 \NMeCollum, E. V., Simmonds, N., and Parsons, H. T., J. Biol. Chem., 
1919, xxxviil, 118, and in numerous other papers. 

3 Sherman, H. C., Mettler, A. J., and Sinelair, J. U.S. Dept. Agric., 
OF. Exp. Stations, Bull, 227, 1910 
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22 Caletum Requirement in Man 


in addition to the experimental data published from this 
laboratory in 19108 and 1919.° of which the latter have 
been recorded without as yet being discussed, studies upon the 
ecalclum requirement of maintenance have been made upon three 
healthy men, Subjects and 

Subject IT, weighing 61 kilos, consumed bread, milk. wheat 
breakfast food, egg whites, apple (or banana), rice, butter, and 
coffee, his daily caleium intake during each of six successive 4 
day experiments being 0.46, 0.41, 0.42, 0.32, 0.52 gm., respec- 
tively. The corresponding output in each of the six experiments 
was: In urine, 0.15, O.1S, 0.20, 0.20, 0.20, 0.20; in feces, 0.42, 0.50, 
0.26, 0.34, 0.32, 0.21 gm. per day, respectively (experiments LO to 
15 in ‘Table T). 

Subject weighing 69 kilos (lexperiments 56 to 58 in Table 
I), after a preliminary period on ealeium-poor food, took during 
a 3 day experiment a basal ration of bread, butter, and fruit 
with a caleium intake of 0.18 gm. per day; the daily output being 
0.42 gm. (urine, 0.34, feces, O.OS gm.). Without intermission 
there followed another 3 day experiment ino which milk was 
added to the diet bringing the daily calcium intake to 0.39 gm., 
the output being the same (urine, 0.28, feces, 0.11 gm.), so that 
equilibrium was established at this figure. Then meat (lean 
beef) was added to the diet with the result that the daily caletum 
intake was increased by 0.01 gm. and the output rose 0.16 gm. 
(urine, 0.36, feces, 0.19 gm.)}. This loss of body calcium follow- 
ing the addition of meat to the diet might have been thought to 
be due to the fact that the added meat gave to the diet as a 
whole an excess of acid-forming over base-forming mineral ele- 
ments; but other data obtained in this laboratory (Sherman, 
Cullett, and Pope‘) do not indicate any such marked relation 
hetween the preponderance of acid- or base-forming elements in 
the food and the amount of caletum needed for maintenance. 


4 Sherman, H. C., Gillett, L. H., and Pope, H. M., J. Biol. Chem., 191s, 
Xxxiv, 373. Sherman, H. C., Wheeler, L., and Yates, A. B., J. Biol. Chem.., 
1918, xxxiv, 383. Sherman, H. C., and Winters, J. C., J. Biol. Chem., 
xxxv, 5OL. 

Sherman, H. C., Winters, J. C., and Phillips, V., J. Brol. Chem., 1919. 


NNXXIX, 53. 


i 
$ 
j 
| 
| 
| 
| 
| 


H. C. Sherman 23 


TABLE I.* 


Indicated Calcium Requirement for Maintenance per 70 Kilos of Body Weight 
per Day. 


Caleium Calcium. Calcium.) ent No | C#leium 
qm. gm. ym 
20 25 064 | 49 0 39 73 0.50 
2S 5 O 44 50) 74 0 60 
3 S2 0 56 51 0 43 75 0 50 
42 2S 0.70 OSS 76 () 41 
5 0.35 24 0.54 53 053 77 0.37 
0 66 30 0.53 ot O53 42 
ri 46 0 39 1) SS 79 40 
0 66 32 0.49 56 0 30 SO 0.40 
0.61 33 0.55 57 0 29 SI 0.39 
10 0.65 0.48 58 0 40 0.42 
11 0.78 0 35 59 28 83 0 39 
12 O 54 36 02S 60 0 28 S4 0 35 
37 0.30 61 0.27 SS 0.45 
14 0 61 0»? 62 0 29 34 
15 0) 49 39 32 63 0 30 S7 0 AO 
16 0.40 10 0 34 64 0 60 SS 0.37 
17 | 0.42 4] 0.29 | 0.55 SY 54 
IS () 44 2 0 46 66 0.59 OM) 0 40 
19 0 33 15 0 42 O7 54 0.3] 
0.41 14 0 41 6S 0.55 44 
21 0.35 15 0.43 69 93 0 35 
22 0 40 0.46 7 0 46 0 29 
23 40 47 0.50 71 40 0 33 
24 053 4S 0.47 42 O55 35S 
0 34 
0.45 


* Experiments 1 and 2, Bertram, J., Z. Biol., IS78, xiv, 354. No. 3, 
Renvall, G., Skand. Arch. Physiol., 1904, xvi, 94. Nos. 4 and 5, von Wendt, 
(y., Skand. Arch. Physiol., 1905, xvii, 211. No.6, Holsta, O.. Skand. Arch. 
Physiol., 1910, xxiii, 143. Nos. 7 to 9, Sherman, Mettler, and Sinclair’ 
Nos. 10 to 15, Rose. A. R., and Sherman, not previously published. Nos. 
16 to 34, Sherman, Gillett, and Pope. Nos. 35 to 48, Sherman, Wheeler, 
and Yates.4 Nos. 49 to 55, Sherman, Gillett, and Pope.4 Nos. 56 to 58, 
Sherman, not previously published. Nos.59 to 63, Sherman and Osterberg, 
not previously published. Nos. 64 and 65, Sherman and Winters.* Nos. 
66 to 75, Sherman, Winters, and Phillips.° Nos. 76 to 97, Rose, M.3., J. 
Biol, Chem., 1920, xli, 349, and unpublished data. 
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Subject R, weighing SO kilos, took during five consecutive 
3 day experiments without intermission a diet of bread, butter, 
and apples furnishing an average dailv intake for each of the 
five periods of 0.23, 0.21, 0.20, 0.21, 0.21 gm., respectively. The 
corresponding output for each experimental period was: in urine, 
O.11, O.17, O.16, in feces, 0.21, 0.15, 0.15, O.16, 0.16 
gm. of calelum per day (Experiments 59 to 63 in Table 1). 

For purposes of comparison and discussion the data of all 
available experiments which seem to be quantitatively com- 
parable Gneluding, through the courtesy of Professor M. 
Rose, some unpublished experiments recently performed in her 
laboratory) have been computed to a uniform basis of daily 
calcium output per 70 kilos of body weight and the results brought 
together in Table I.) Since calcium leaves the body so largely 
by way of the intestine, the error which may occur in the separa- 
tion of the feces belonging to successive experimental periods 1s 
likely in the case of ealeium to be more significant than in the 
‘ase Of phosphorus, and relatively much greater than in the case 
of nitrogen. Knowing by experience how readily a part of the 
‘calcium output properly belonging to an experimental period 
may thus be carried over into the one following, the writer has 
had this in mind in compiling the data of other investigators as 
well as those from his own laboratory and has sometimes treated 
two successive periods as one when convinced by examination 
of the protocols that a more trustworthy result is thus obtained. 
It will be seen that there are included in the table the data of 97 
experiments (experimental periods of 3 to S days) showing an 
extreme range of 0.27 to O.S2 gm. and an average of 0.45 gm. 
per 70 kilos of body weight per day. 

In the discussion of an analogous compilation of the data of 
experiments upon protein metabolism,’ it was pointed out that 
In an appreciable proportion of those experiments -the protein 
requirement was probably overestimated, largely because, intlu- 
enced by previous overestimates of the amount of protein needed 
in nutrition, the experimenters did not reduce the protein intake 
to a low enough figure and for a long enough time really to deter- 
mine the minimum amount on which equilibrium could have 


6 Sherman, H. C., J. Biol. Chem., 1920, xli, 97. 
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been maintained. So far as this source of error is concerned the 
tendency in the study of calcium requirement has doubtless 
more often been in the other direction. In the past the calcium 
requirement of the body was underestimated. [Experiments 
made to test calcium requirement have sometimes involved the 
use of diets furnishing so little calcium that the output (although 
greater than the intake) has been depressed below the point at 
which equilibrium could actually be maintained. Largely for 
this reason it is probable that some of the data for indicated eal- 
clum requirement in Table I, based as they are on the data of 
output when the intake was somewhat insufficient, are appre- 
ciably below the true requirements of the respective subjects. 
Doubtless there are other cases in which the requirement was 
overestimated through the use of diets unnecessarily rich in 
calcium for the purpose of the test; but these appear to be fewer 
in number and the general average of 0.45 gm. of caletum (equiv- 
alent to 0.63 gm. of CaQ) is probably not above the true require- 
ment. 

Having now on record about 100 cases each of reasonably 
comparable experiments designed to measure the maintenance 
requirements for protein, phosphorus, and calcium, respectively, 
in normal human nutrition, it is of interest to compare the vari- 
ability of the individual observations in the three series of experi- 
ments (each representing the work of several different investi- 
gators) and the probable errors of the three mean results as 
computed by aecepted statistical methods. 

The 109 experiments upon protein requirement’ show a mean 
of 44.4 gm., a standard deviation of 9.07 gm., a coefficient of 
variation of 21, and a probable error of the mean of +£0.58 gm. 

In 95 experiments upon phosphorus requirement’? the mean 
with its probable error is O.SS + 0.01 gm., the standard deviation 
is 0.15 gm., and the coefficient of variation is 17. 

The 97 experiments upon calcium requirement tabulated 
above give a mean result of 0.45 gm. with a probable error of 
+0.008 gm. and show a standard deviation of 0.12 gm. and a 
coefficient of variation of 27. 

In each of the three cases the data are now sufficiently numer- 
ous and consistent so that the probable error of the mean is 


7 Sherman, H. C., J. Biol. Chem., 1920, xli, 173. 
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less than two one-hundredths of its value and therefore pre- 
sumably as dependable as the accepted statements of average 
composition of even the most familiar of our staple foods. 

It will be noted also that the coefficient of variation has been 
found to be of the same order of magnitude in the experimental 
study of protein, of phosphorus, and of calcium requirements. 
If any significance is to be attached to the slightly higher coefh- 
cient of variation in the data for calcium over those for protein 
or for phosphorus, it must follow that the case of caletum ts the 
one which would seem to call for the most liberal margin of 
intake over the estimated average maintenance requirement if 
individual variability is to be covered by an ample factor of 
safetv. Apparently a large proportion of American diectaries 
are open to improvement in this respect. 

Comparing the present average of 0.45 gm. per man per day as 
the indicated caleium requirement with the previously reported 
average of 44 gm. as an indicated protein requirement, and 
keeping in mind the fact that the figure for protein is more likely 
to be an overestimate than that for calcium, and that the rela- 
tive probable error due to individual variations 1s very similar in 
the two eases, we are forced to conclude that a food supply, in 
order to furnish these essential nutrients in relative proportions 
corresponding to the needs of the body, should contain at least 
1.0 gm. of caletum (or 1.4 gm. of CaQ) for every 100 gm. of pro- 
tein. In the large majority of American food supplies of families 
and larger groups, as indicated by dietary studies made before 
the war by the United States Department of Agriculture and the 
New York Association for Improving the Condition of the Poor, 
this has not been the case. It does not follow that the calcium 
content was necessarily too low in the majority of dietaries, but 
rather that the food supply furnished a much more liberal surplus 
of protein than of caleium. When the results of 224 presumably 
tvpical American dietary studies were calculated to the usual 
basis of nutrients per man per day the average protein content 
was found to be 106 gm., or 140 per cent above the indicated 
maintenance requirement of 44 gm., while the average calcium 
content was 0.74 gm., or 64 per cent above the estimated actual 
minimum of 0.45 gm. Probably more significant than the aver- 
age content of all the dietaries is the proportion of cases falling 
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below the estimated requirement, either as regards protein, or as 
regards calcium. Only one of the 224 cases studied showed less 
protein than the indicated requirement, while one in every six was 
below the indicated requirement in calcium. In other words, the 
comparison of dietary studies or records of actual food supplies 
with the laboratory evidence of nutritive requirement suggests 
that very many more American dietaries are deficient in quantity 
of caleitum than are deficient in quantity of protein, though 
of course there may be many cases in which the kind of protein, 
or the intake of some particular amino-acid, is unsatisfactory. 
If, in all the dietaries in the above group of 224 which showed 
less than 3,000 calories per man per day, the amount of food had 
been increased up to that level, there would have been no case of 
protein deficiency as judged by this standard while by the same 
criterion about 7 per cent or one in every fourteen of the dietaries 
studied would still be deficient in calcium. There seems to be 
no room for doubt that more attention should be given to the 
calcium intake both in human nutrition and that of farm ani- 
mals. So far as the requirement for calcium in itself is concerned 
the intake may be supplemented by purely mineral additions as 
when the animal feeder includes finely ground rock phosphate 
(*floats’’), bone ash, or oyster shells in the rations which he pro- 
vides. Similarly calcium carbonate or phosphate might be 
habitually added to human food, either separately or by mixing 
it with the table salt used in seasoning; but it would probably 
be more difficult to persuade people generally to make such 
additions than to teach a more liberal use of foods naturally rich 
in caleium, while the latter course has the added advantage that 
the foods whose larger use would be invoked to increase the 
‘calcium intake (notably milk in its various forms) are important 
sources of proteins of high nutritive efficiency and of the fat- 
soluble vitamine as well. 
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THE PRODUCTION OF ACETALDEHYDE BY CERTAIN 
PENTOSE-FERMENTING BACTERIA.* 


By W. H. PETERSON anp E. B. FRED. 


(From the Departments of Agricultural Chemistry and Agricultural 
Bacteriology, University of Wisconsin, Madison. ) 


‘Received for publication, July 22, 1920.) 


The search for intermediate products in the fermentation of the carbo- 
hydrates has occupied the attention of scientists for many years. This 
search has been pushed most vigorously in connection with the alcoholic 
fermentation by yeast. The investigations of Neuberg, Harden, and 
Kostytschew sare most conspicuous and have resulted in a better under- 
standing of the biochemical changes that occur. Neuberg’s theory (1) 
that pyruvic acid is an intermediate product in alcoholic fermentation is 
now generally accepted. This theory rests mainly on indirect evidence, 
although Fernbach and Schoen (2) and Beijerinck and Folpmers (3) re- 
ported the production and isolation of pyruvie acid from fermenting sugar 
cultures, and Mazé and Ruot (4) claim to have obtained it by the fer- 
mentation of lactic acid with bacteria. Neuberg found that pyruvie 
acid is fermented by veast with the production of carbon dioxide and 
acetaldehyde and he isolated and identified the acetaldehyde thus formed. 
Although acetaldehyde has been observed many times in different types 
of fermentation, until recently no conclusive evidence has been obtained 
to show that it is an intermediate product in sugar fermentations. The 
occurrence in wine was noted by Magnes-Lahens (5) in 1855 and since that 
time its presence and the factors related to its occurrence have been the 
subject of numerous investigations (6). Trillat (7) and his associates 
as a result of their investigations concluded that acetaldehyde was not 
an intermediate product in the fermentation of sugar but arose from a 
secondary oxidation of the ethyl alcohol. 

Buchner, Langheld, and Skraup (8) obtained small quantities of alde- 
hyde in the fermentation of sugars with veast juice and likewise concluded 
that it was derived from ethyl aleohol by oxidation. 

Kostvtschew (9) on the other hand regarded acetaldehyde as an inter- 
mediate product and by the addition of zinc chloride to a fermentation of 


* This work was in part supported by a grant from the special research 
fund of the University of Wisconsin. 

Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 
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glucose by veast obtained enough aldehyde to prepare the p-nitrophenyl- 
hydrazone. The amount obtained was small and Kostytschew’s conclu- 
sion that acetaldehyde is an intermediate product was vigorously assailed 
by Neuberg (10) and his coworkers. 

In the fermentation of glucose by Bacillus coli communis, Grey (11) 
reported the production of a minute quantity of acetaldehyde. From the 
fermentation of 7.46 gm. of glucose he obtained 0.00234 gm. of acetaldehyde. 

Numerous attempts have been made to increase the quantity of acetal- 
dehyde by the addition of various substances. This was the object sought 
by Kostytsechew with zine chloride. In a later investigation Kostytschew 
(9) employed methylene blue to serve as an acceptor for hydrogen and 
thus to check the reduction of acetaldehyde to aleohol. The result was 
an increase in the vield of acetaldehyde. Later Palladin and Sabinin (12) 
found that methylene blue enhanced the production of acetaldehyde from 
lactie acid. 

Miiller-Thurgau and Osterwalder (13) increased the quantity of acetal- 
dehyde formed in wine by adding small quantities of potassium m-bisulfite 
at varying intervals during the fermentation. Similar experiments with 
sucrose and glucose gave from 0.350 to 1.180 gm. of aldehyde per 100 gm. 
of sugar fermented. Previously Passerini (14) had obtained an increase 
in the aldehyde content of wines by the addition of bisulfite. 

In an investigation of the factors that influence the formation and 
disappearance of acetaldehyde from wines Laborde (6) confirmed the 
observations of earlier investigators, that acetaldehyde may originate 
from the oxidation of aleohol or be formed as an intermediate product in 
the breaking down of sugar. His results showed a marked increase in the 
production of acetaldehyde when sulfurous acid was added to the fer- 
menting solutions. 

It was not until Neuberg and his coworkers (1, 15) emploved a more 
suitable fixative that acetaldehyde was obtained in large amounts, and 
thus established the relation of acetaldehyde to the fermentation of sugar. 
With sodium sulfite as a fixative, he obtained acetaldehyde equivalent to 
17.95 per cent of the sugar fermented. The aldehyde was determined by 
three different methods and was also isolated and identified by its hydra- 
zone with p-nitrophenvihydrazine. The aldehyde-sulfite compound was 
isolated and identified as (CH.-CHOH SO.Na).+ILO. These results 
present convineing and conclusive evidence for the existence of acetal- 
dehyde as a product in the fermentation of sugars by veast. 

In a later publication, Neuberg and Nord (16) extended the work to 
the fermentation of sugars by bacteria and found that from O.00L4 to 
0.2532 gm. of aldehyde formed in 100 ce. of culture containing 2 per cent of 
glucose. Indications of aldehyde formation by bacteria have been 
observed by others. 

Harding and Ostenberg (17), in a study of the color changes produced 
by bacteria on the fuchsin-sulfite media of Endo, assumed that aldehyde 
is produced from the carbohydrate. At first the aldehyde combines with 
the sulfite and is thus prevented from oxidizing to acid, but later when the 
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sulfite is used up additional aldehyde undergoes oxidation to acid and in 
this way decolorizes the medium. They suggest that aldehyde formation 
may be used as a basis for the differentiation of colon and typhoid 
organisms. 

De Bord (18) reported that in the breaking down of glucose and lactose 
by many kinds of bacteria, aldehyde is formed. The organisms were grown 
in tube cultures and aldehyde formation was tested with Schiff’s fuchsin 
reagent. No evidence is presented to prove the identity of the aldehyde. 
Since Schiff’s reagent is affected by many substances otherthan aldehyde, 
de Bord’s results are by no means conclusive. 

Buchner and Meisenheimer (19) suggested that in a fermentation vield- 
ing butyric acid, butyl aleohol, and other substances acetaldehyde is first 
produced. Harden (20), in a detailed study of the action of Bacillus coli 
and similar organisms on carbohydrates, advanced the theory that the 
earbohydrate is decomposed into an intermediate substance which, in 
turn, gives rise to formie acid and acetaldehyde. The formic acid later is 
converted into CO, and hydrogen. 


The work deseribed in this paper was planned primarily to 
study acetaldehyde formation by pentose-fermenting bacteria 
in the breaking down of both hexose and pentose sugars. Three 
widely separated types of bacteria were selected for this investiga- 
tion. The first, to which has been given the laboratory number 
26, was isolated from sunflower silage and apparently belongs to 
the colon-aerogenes group. Its biochemical and cultural char- 
acteristics will be described in a later paper. It ferments all the 
common sugars and in addition attacks vigorously the pentoses, 
xvlose and arabinose. The second organism used was Bacillus 
acetoethylicum, isolated and deseribed by Northrop his 
associates (21). The third group of bacteria was the pentose 
fermenter Lactobacillus pentoaceticus, n. sp., Whose isolation and 
fermentation characteristics have been deseribed in a previous 
publeation (22). 


EXPERIMENTAL. 


In general the carbohydrates were fermented in a yeast water 
medium with and without peptone, to which an excess of calcium 
carbonate was added. In order to hold the aldehyde, the fixative 
‘alcium sulfite or sodium sulfite was used. The calcium sulfite 
was added to the yeast water before sterilization, and in the 
experiments where sodium sulfite was used a 20 per cent aqueous 
solution of the sulfite was sterilized and the desired amount of 
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this solution added to the culture. The ealeium sulfite was 
freshly prepared from sodium sulfite and caleium chloride, air- 
dried, and used as the hydrated salt CaSO;.2 HoO. The sodium 
sulfite contained a considerable amount of sodium sulfate and 
hence the figures given in the tables represent only approxi- 
mately the concentration of sulfite in the medium. 

The aleohol, volatile acid, and non-volatile acid were deter- 
mined as described in previous publications. Acetaldehyde was 
determined according to the method developed by Neuberg 
and Nord (16). 100 ce. of culture were cooled with ice and an 
amount of barium chloride sufficient to precipitate the sulfite 
was added. After the addition of 10 gm. of ealcium carbonate 
the flask was placed in an oil bath and joined to a long Allihn 
condenser. The delivery end of the condenser was connected 
to a thick walled Pyrex flask packed in a freezing mixture of ice 
and salt. A thistle tube partly filled with water was attached to 
the Pyrex flask to serve as an escape tube for the air in the appa- 
ratus. After about one-third of the contents of the flask had 
been driven over, steam was passed in and the distillation con- 
tinued until about 400 cc. had collected in the receiving flask. 
The distillate was made up to a definite volume and the aldehyde 
in an aliquot determined by the iodine titration method (23). 

Trial determinations with dry redistilled acetaldehyde (boiling 
point 20-21°C.) to which the above reagents had been added 
gave a recovery of from 98 to 100 per cent. 


Acetaldehyde Production by Culture 26. 


Culture 26 ferments the pentoses, xvlose and arabinose, vigor- 
ously and tolerates a high degree of alkalinity. Since the culture 
solutions containing sodium sulfite are distinctly alkaline (pH 
8.0) this organism is well adapted to the conditions existing in a 
sulfite medium. ‘Three flasks of 2 per cent glucose-veast water 
medium were inoculated with this organism and, after 24 hours of 
fermentation, 10, 20, and 30 ce. of a 20 per cent solution of sodium 
sulfite were added to the respective flasks. Here the concentration 
of the sulfite was 0.5, 1.0, and 1.5 per cent as calculated on the 
original volume. At frequent intervals the cultures were tested 
for aldehyde by means of sodium nitroprusside and diethylamine 
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(Simon's test as modified by Rimini (24) ).. The most satisfactory 
tests were obtained by mixing 5 ec. of culture and 0.5 ec. of a 
fresh 4 per cent solution of prusside, and carefully adding 5 to 
10 drops of a 5 per cent solution of the amine so as to form a 
laver on top. After about 20 to 30 seconds, a sharp blue zone 
forms where the two liquids come together. If the test-tube is 
held against a white background, this zone becomes more dis- 
tinct. In the presence of much aldehyde the blue color extends 
through the entire solution when the tube is shaken. No alde- 
hvde could be detected until the 3rd day, when a slight test was 
found in Flask 8. After 5 days all the cultures gave a distinct 
blue color with these reagents. The intensity of color increased 


TABLE I. 
Qualitative Tests for Acetaldehyde Obtained at Different Stages in 


Fermentation. 
On distillate 
On culture. the 
Flask No. culture. 
3 days. 5 days. | 7 days. | 10 days. (10 to 12 days. 
per cent | | 
1 1 None. Fair. | Good. | Strong. | Strong. 


with the age of the culture until after 8 days a deep blue color 
extending to the bottom of the tube was obtained. In all the 
experiments that follow, the formation of aldehyde was traced 
by means of the Rimini test. The distillate obtained in the 
quantitative procedure was also tested for aldehyde by the 
Rimini test and in some cases with Schiff’s reagent. <A typical 
example of the results obtained from qualitative tests is given in 
Table I. Although these tests may be made on the cultures 
direct they are far better when used on the distillate. The 
amount of aldehyde formed was determined at the end of 7 
days and again at the end of 12 days. On the second analysis a 
small increase was found in only one flask, No. 3... From this and 
other data (see Table II), it is apparent that aldehyde production 
is most active between the 2nd and 5th days, a period which 
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corresponds approximately to the time of greatest activity in 
the fermentation. The quantity of aldehyde fixed increases 
with the amount of sulfite present (see Table IID): e.¢., with 1 
per cent of sulfite the aldehyde fixed is 0.028 gm. per LOO 
ec, of culture and with 3 per cent of sulfite this has increased 
to O.O77 gm. At the end of the fermentation period, the 
control, Culture 1, to which no sulfite was added, and Cul- 
tures 3 and 4 were analyzed for aleohol, volatile acid, and 
non-volatile acid in addition to aldehyde. A high alcohol and 
low seid production is the normal type of fermentation with 
Culture 26. When sulfite is introduced, some of the inter- 
mediate compound acetaldehyde is fixed and the production 


TABLE II. 
Rate of Acetaldehyde Production by the Fermentation of Glucose. 
Calculated for 100 Ce. of Culture. 


—- 


Age of culture. | Acetaldehyde. iethy] alcohol Volatile acid as acetic. 
days gm. gm. : gm. 
2 | 0.025 
+ | 0 O46 
6 0 053 
11 065 
15 0 066 


20 0068 0.075 0.232 
Unfermented sugar 1.65 per cent. 
of aleohol is decreased from 0.281 to 0.139 gm. per LOO ce. 
of culture. Coincident with the aldehwde and low alcohol 
production there is a rise in the volatile acid from 0.036 @m. in 
the control to O.148 gm. in the flask containing 3 per cent of 
sodium sulfite. The volatile acid is evidently an oxidation pro- 
duct with which should be paired some reduction product, unless 
the hydrogen which is one of the gases formed under these con- 
ditions can account in some type of reaction for the oxygen used 
in the oxidation. Insufficient data exist to determine whether 
there is any relation between the hydrogen and the volatile acid. 
The complete data are given in Table ITT. 
In order to have sufficient aldehvde to form the hydrazone 
with p-nitrophenvlhydrazine 2,000 ce. culture was prepared 
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The culture contained 3 per cent of glucose and 4 per cent of 
sodium sulfite. Aliquots were withdrawn at different intervals 
during the fermentation and the aldehyde was determined, as 
shown from the figures of Table II. The aldehyde content 
increases steadily up to the final analysis but most of it is formed 
by the end of 6 davs. The low alcohol and high volatile acid 
production noted in ‘Table II] were repeated in this experiment. 

The unfermented sugar was determined by the Ost method 
(25), since the Ost copper solution is not reduced to any extent 
by acetaldelhivde as is the case with Fehling’s solution. Glucose 
may, therefore, be determined in the presence of acetaldehyde by 


TABLE IIL. 
Acetaldehude Production from Glucose. 
Calculated for 100 Ce. of Culture. 


percent | days qm gm. gm gm. 
l 12 0 006 0 281 0 036 0 000 
2 10 7 0 02S 
3 2 0 ri 0 O61 
3 20 12 O O45 0 112 0 O10 
4 3.0 ri 0 O61 
4 3 0 12 0 O77 0 139 0 148 0 O7S 


this method. The unfermented glucose amounted to 1.65 per 
cent which indicates that about one-half the glucose had been 
fermented. The data are given in Table II. 

The remainder of the culture was treated with the réquired 
amount of barium chloride and the precipitated barium sulfite 
removed by filtration. ‘To prevent loss of aldehyde during the 
filtration, this operation was carried on in a large refrigerator 
and the receiving flask was surrounded by «a mixture of ice and 
salt. The clear solution thus obtained could be distilled without 
the foaming that occurs when the barium sulfite is not removed. 
About 1,500 ce. of filtrate were distilled with steam until the last 
portions of the distillate gave no test for aldehyde. The dis- 
tillate was redistilled and collected in a 3 per cent solution of 
p-nitrophenylhydrazine dissolved in 50 per cent acetic acid. 
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About one and one-half times the theoretical quantity of hydra- 
zine required to combine with the aldehyde was used. When 
the first few drops of distillate reached the receiving flask, a curdy 
vellow precipitate of acetaldehydehydrazone was formed. The 
distillation was continued until about 300 ec. of distillate had 
been collected. The vapors passing over at this time gave a 
negative Rimini test. After standing over night in the ice box, 
the hydrazone was filtered off with suction, washed with a 
little cold water, and dried over sulfuric acid. The melting 
point of the crystals was found to be 125°C. They were dissolved 
in 95 per cent alcohol and recrystallized. The melting point of 
the recrystallized hydrazone was found to be 128°C. <A hydra- 
zone prepared from acetaldehyde gave the same melting point. 
The melting point of acetaldehyde-p-nitrophenylhydrazine is 
given as 128.5°C, 
TABLE IV. 
Determination of Nitrogen in Acetaldehyde-p-Nitrophenylhydrazone. 


No. of 
Method, determina- Nitrogen. 
tions. 
per cent 
Kjeldahl, modified to include nitrates... 5 10 6 to 21.2 
3 | 23.15 to 23.37 
Dumas combustion.......... 1 | 23.8 
23 46 


In order to check the evidence obtained from the melting 
point, the nitrogen content of the hydrazone was determined by 
the Dumas combustion and a modified Kjeldahl procedure. 
At first much difficulty was experienced in determining the per- 
centage of nitrogen in the hydrazone by the Kjeldahl method. 
By increasing the amount of potassium persulfate, the time of 
digestion, and by adding potassium permanganate, Milbauer’s 
(26) modified Kjeldahl] method gave results that checked with 
the Dumas combustion method and with theory. ‘To indicate 
how the figures varied, a summary of the results obtained are 
given in Table IV. The melting point and nitrogen content of 
the hydrazone and the qualitative color tests establish, without 
doubt, the fact that acetaldehyde is formed. 
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Acetaldehyde from Xylose. 


Since Culture 26 is a rapid pentose fermenter, it seemed prob- 
able that acetaldehyde would be formed in the fermentation of 
xvlose by this organism. Experiments were made with test- 
tube cultures to which were added varying amounts of sodium 
sulfite. In nearly every case, a strong test for aldehyde was 
noted. <A flask containing 300 ce. of 2 per cent xvlose-yeast 
water medium was inoculated and 15 cc. of a 20 per cent sodium 
sulfite solution were added at the time of inoculation. At the 
end of 1, 2, and 6 days, additional portions of sulfite were added 
until the final concentration of sulfite reached 3.5 per cent. At 
the end of 5 days, a 50 ec. aliquot was taken and the acetalde- 


TABLE V. 
Production of Acetaldehyde by the Fermentation of Nylose. 
Calculated for 100 Ce. of Culture. 


— 


Age of culture. | Acetaldehyde. | Ethy! alcohol. | Volatile acid as Non-volatile 
days | gm. am. | gm. gm. 
5 | O.OSS | 
7 0.102 | | 
147 | 
15 0.157 0.486 0.150 


Unfermented sugar 0.938 gm. 


hvde determined. Successive determinations were made at the 
end of 7, 11, and 15 days. Aleohol, volatile acid, and non- 
volatile acid were also determined at the time of the last analysis. 
As was found in the fermentation of glucose, the aldehyde con- 
tinues to increase to the end of the fermentation. The quantity 
of aldehyde is more than double that formed from glucose, and 
is the maximum amount obtained in any of the experiments. 
As already noted in the case of glucose, an unusually high pro- 
duction of acetic acid was found. The data are given in Table V. 


Acetaldehyde Production by Bacillus acetoethylicum. 


This organism possesses the power of fermenting a wide range 
of carbohydrates among which is xvlose. One of the conspicuous 
products of its activity is acetone. Under suitable conditions 
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this represents about 8 to 10 per cent of the carbohydrate in the 
culture (21). Besides acetone, formic and acetic acids, ethyl 
alcohol, lactic acid, and carbon dioxide are produced (27). The 
formation of acetaldehyde is of special interest in relation to the 
production of acetone. The reactions whereby the acetone is 
formed are not clearly understood but in all probability its pro- 
duction is associated with the condensation of the acetaldehyde 
TABLE VI. 
Production of Acetaldehyde in the Fermentation of Starch by Bacillus aceto- 
ethylicum in the Presence of Sulfites. 
Calculated for 100 Cc. of Culture. 


Experiment. Flask No. Sulfite. Age of culture. Acetaldehyde. 

| per days gm 

] 1 0* 14 OLS 

A NadsOs 2 .0° 14 O13 

3 0* 15 0 020 

1 1 0* 12 0 O10 

2 12 0 O27 
3 3 0* | 

7 O12 

+ 

10 0 02S 

0 O23 

2 ‘aSO;.2H.LO 2.03 
3 3 OF 15 0 OO} 


* Anhvdrous Na.SQs. 
+ Negative qualitative test, not analyzed. 
t Caleulated as CaSQs. 


and subsequent processes of oxidation and decarboxylation. 
As a tentative suggestion these changes may be represented as 
follows: 


PCH, CHO}=CILCHOH CHLCHO 
CH.CHOH CH,COOH+ 
CH.CO CH.COOL=CH, CO 


Reactions similar to the above are known to take place in fer- 
mentations and have been proposed by Neuberg and others (28) 
to explain the formation of different products. Reilly and his 
associates (29) have proposed somewhat similar reactions for the 
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production of acetone by Bacillus granulobacter pectinovorum. 
The production of 2.3—-butvlene glycol and acetylmethylearbino! 
was explained by Harden and Norris (30) on a similar basis. 
In their work on the production of butyric acid by Bacillus 
hutylicus from glucose and glycerol, Buchner and Meisenheimer 
(19) suggested that acetaldehyde was first formed from the gly- 
cerol and was then condensed to aldol and subsequently reduced 
or oxidized to form butyl aleohol and butyric acid, respectively. 
The importance of these balanced processes of reduction and 
oxidation in the organism has been emphasized by Palladin in a 
recent publication. Neuberg’s work on the decarboxylation of 
pyruvic seid is so well known as searcely to need mention, 

In the experiments with Bacillus ocetocthylicum, three series of 
flasks were prepared at different times with varying amounts of 
sodium or calcium sulfite as the fixative. The results obtained 
are given in Table VI. and are of the same general character as 
those obtained with the previous organism although only about 
one-half as much aldehyde was fixed. An increase of aldehyde 
results from increasing the fixative up to the limit of tolerance for 
sulfite by the bacteria. Calcium sulfite was rather more effective 
than sodium sulfite, as about one-half more aldelwde was obtained 
from the cultures where caleium sulfite was used. 


Ac from N ylose by Bacillus acelor fhulicum, 


In this experiment a peptone-phosphate medium containing 
2.0 per cent of xvlose was used. In one culture, sodium sulfite 
was used as the fixative agent and in another, caletum sulfite. 


TABLE VII. 


Production of Acetaldehyde in the Fermentation of Nulose by Bacillus 
acetvethylicum. 


(‘aleulated tor 100 of Culture 


) 
Sulfite Age of culture | Acetaldehvde 
_- ~ 
per cent day- qm. 
NaSO;....... 2.0 8 0 030 
20 12 0 079 
1 5* 12 OF1 


Cast », DEL 


* Calculated as Cass. 
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As the sodium sulfite contained considerably less sodium sulfate 
than that used in the other experiments, the amount added was 
correspondingly less. The cultures were analyzed at varying 
intervals during the fermentation and were found to contain a 
much larger amount of aldehyde than was obtained from the 
glucose cultures. Similar high vields of acetaldehyde from xvlose 
have already been noted in the fermentation of xylose by Culture 
26. Sodium sulfite proved far more efficient as a fixative of 
aldehyde than calcium sulfite. The data are given in Table VII. 


Acetaldehyde Production by Lactobacillus pentoaceticus. 


This group of bacteria is rather sensitive to alkali, as was dis- 
covered from the results of neutralizing actively fermenting cul- 
tures. If, inadvertently, a slight excess of alkali was added to 


TABLE VIII. 
Production of Acetaldehyde by Lactobacillus pentoaceticus. 
Calculated for 100 Ce. of Culture. 


Flask No. | Sulfiteinculture. | Age of culture. | Acetaldehyde. 
| gm. | day | | gm. 
2 1.0* | 14 | 0 029 
3 2 .0* 13 0 O17 
5* 15 0 O00 
1 14 0 065 
1 Of 0 00S 
2.03 | 10 0 O16. 


* Sodium sulfite. 
* Carbon dioxide produced was 0.025 gm. 
t Calcium sulfite. 


the culture, growth ceased and was not resumed until a small 
quantity of acid was added. Therefore they do not lend them- 
selves readily to experimentation in a sulfite medium. In the 
first series, a medium containing 2 per cent of glucose in yeast 
water was inoculated with the pentose fermenter No. 41-11 and, 
after 24 hours, enough sterilized sodium sulfite was added to 
give a concentraton of 1 and 2 per cent respectively in the two 
flasks, 

In a second series, the same percentage of calcium sulfite was 
added as a fixative. Direct qualitative tests on the culture 
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showed only traces of aldehyde present. The strongest tests 
were obtained from the calcium sulfite series but the tests were 
only fair. After from 10 to 14 days, the cultures were analyzed 
for aldehyde, alcohol, volatile acid, and in a few cases for non- 
volatile acid. Only small quantities of these products were 
obtained. The carbon dioxide evolved from one of the flasks, 
No. 5, was determined and only 0.025 gm. per 100 ce. of culture 
was found. These results, coupled with strong reduction tests 
for glucose, showed that but little fermentation had taken place. 
The cause for this is probably due to the alkalinity of the sulfite 
medium or the toxie action of the sulfite on the bacteria. The 
data obtained for aldehyde are given in Table VIII. 


The Fermentation of Pyruvie Acid. 


According to Neuberg’s theory, pyruvic acid is one of the 
intermediate products in alcoholic fermentation. The pyruvic 
acid then undergoes decarboxylation and acetaldehyde results. 
In the presence of sodium sulfite, Neuberg and Reinfurth (1) 
obtained 14 per cent of the theoretical vield of acetaldehyde, 
which would result if all the pyruvic acid had been completely 
fermented. The pentose-fermenting bacteria, employed in this 
study, ferment pyruvie acid to a greater or less extent. This has 
been shown in several ways: first, by the fermentation of the 
sodium salt of the acid and titration of the sodium bicarbonate 
formed; second, by the addition of dilute solutions of pyruvic a 
acid to the fermenting culture and determination of the destruc- ¢ 
tion of the free acid. | 

In the first experiment a 2 per cent solution of pyruvic acid 
was prepared, neutralized with solid sodium hydroxide, and 
then diluted to 1 per cent by the addition of double strength 
veast water. This medium was then sterilized by passing it ahs 
through a Pasteur-Chamberland filter, since a destruction of the BB ee 
pyruvate results if the solution is sterilized by heat. The solu- “has 
tion was pipetted into large test-tubes and incubated for 5 to 6 ‘a 
days to determine its sterility. If no growth took place, the 4 
tubes were then inoculated, and sterilized brom-cresol purple 
was added. After a few days, a film of bgcteria appeared on the 
surface, gas was evolved, and the solution became strongly 
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alkaline. The above evidences of growth were very marked in 
the case of Culture 26 and Bacillus acetoethylicum, but were slight 
in the tubes inoculated with Lactobacillus pentoaceticus. The 
slight fermentation with the last named organism is probably 


TABLE IN. 
Fermentation of Sodium Pyruvate by Pentose-Fermenting Bacteria. 


O.1N so- | 


Organism. Tube No. [dium pyru-/0.1 » alkali 
present. | 

2 i. Ce 

2 | 110 | 6.6 

| |; 11.0 | 1 50 
2 | Be | 

Lactobacillus pentoaceticus, No. 41-11........ | ] | 11.0 | 0.65 
1.22 


2 | 11.0 | | 


In Tubes 2, pyruvic acid prepared by Eastman Company was used. 


TABLE X. 
Fermentation of Pyruvie Acid. 


N acid. 


Control Culture 26. Culture 41-11. 
1 3.50 O15 2.15 
2 3.90 3.10 
4.30 0.20 3.30 
t t 70 0 20 3.70 
5 


0 1.60 | 4.00 


due to its sensitiveness toward alkali. It is essentially an acid 
producer and does not withstand much alkali. The conclusions 
drawn from the appearance of the tubes during the incubation 
are borne out by the titrations at the end of the fermentation. 
If we judge from the alkali developed, about one-half the pyru- 


& 

‘ In Tubes 1, pyruvie acid prepared in the laboratory was used. 
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vate had been fermented by No. 26, about one-seventh by Baeil- 
lus acetoethylicum, and only a slight amount in the case of Lacto- 
bacillus pentoaceticus. The titration data are given in Table IX. 

In a second experiment two series of large test-tubes contain- 
ing varying amounts of veast water were used. Sterilized py- 
ruvie acid was added to these tubes from time to time and at 
the end of the incubation the unfermented acid was determined 
by titration. One series was left uninoculated and served as 
controls, a second series was inoculated with Culture 26, and a 
third with the pentose fermenter No. 41-11. Almost complete 
destruction of pyruvic acid resulted in the tubes inoculated with 
Culture 26 while only a small decrease of acid occurred in the 
tubes inoculated with Culture 41-11. The data obtained from 
the titrations are given in Table X. These two experiments 
showed that pyruvic acid and its sodium salt could be fermented. 

An attempt was therefore made to ferment sodium pyruvate 
in the presence of sodium sulfite. To 100 ce. of 1 N pyruvic acid 
were added 80 ec. of 1 N sodium carbonate and 20 ec. of 1 N 
sodium sulfite, and this solution was made up to 1,000 ee. with 
veast water. This medium is then equivalent to a 0.1 ‘ solution 
of pyruvie acid and contains the sulfite in the form of the acid 
sulfite. It was sterilized by passing through a Chamberland 
filter and IS ce. portions were pipetted into sterile fermentation 
tubes. After the tubes were incubated for a few days and no 
growth developed, they were inoculated in duplicate with Cul- 
tures 26, 41-11, and 118-8. One tube was left uninocuiated as a 
control. A second series was set up where twice as much sulfite 
was added to the medium. The day after inoculation about 
0.5 ee. of gas had accumulated in the tubes inoculated with 
Culture 26, and after 4 days this amounted to about 4 ec. The 
amount of gas collected in the tubes inoculated with Cultures 
41-11 and 118-8 was never more than 1 ee. The small amount 
of gas accumulating is what would be expected since sodium 
bicarbonate is formed by the fermentation of sodium pyruvate. 
At the end of the fermentation period the carbon dioxide in the 
tubes was absorbed with sodium hydroxide. In the tubes inocu- 
lated with Culture 26 about one-half the gas remained unab- 
sorbed and gave a test for hydrogen with a lighted splinter. “The 
cultures were analyzed for their content of carbon dioxide by 
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means of the Van Slyke apparatus and the data thus obtained are 
given in Table XI. In all the cultures the production of carbon 
dioxide is clearly indicated; the maximum was noted in the case 
of Culture 26. If the carbon dioxide found originated entirely 
by the decarboxylation of the pyruvate, the possible maximum 
would be 0.080 gm. In Tube 2 of Series 1, 0.0604 gm. of COs was 
found. 


TABLE XI. 


Fermentation of Sodium Pyruvate in the Presence of Sodium Sulfite. 


| Carbon dioxide produced by 


| Culture 26. | Culture 41-11, | Culture 118-8. 
| gm. | gm. | gm. 
Series 1. | | | 
Control. | 0.0016 | 0.0016 | 0.0016 
| 0.0385 0.0172 | 0.0227 
2 0 0604 * 0.O174 | 0.0130 
Series 2. | | 
Control. | 0.0017 0.0017 
1 | 0.0457 0.0167 
2 | 0. O441 


* Mercury added to retain gas. 


SUMMARY. 


In the presence of a fixative, acetaldehyde is formed in the 
fermentation of carbohydrates by three types of pentose-ferment- 
ing bacteria: an organism related to the colon-aerogenes group, 
Culture 26; Bacillus acetoethylicum; and Lactobacillus pentoaceticus. 
Aldehyde is produced from glucose and starch but the maximum 
vield is obtained from xylose. The amount formed ranges 
from 0.020 to 0.157 gm. per 100 ec. of culture containing 2 per 
cent of the carbohydrate. The acetaldehyde is fixed in the 
process of fermentation by means of sodium sulfite or caletum 
sulfite. The quantity of aldehyde found is proportional to the 
amount of fixative used. Because of the alkalinity of sodium 
sulfite, the amount that can be added is limited. Sodium sul- 
fite was more effective than calcium sulfite as a fixative for the 


aldehyde. 
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The production of acetaldehyde is correlated with the produc- 
tion of alcohol. An increase in the former results in a decrease 
in the latter. A high production of volatile acid is associated 
with the formation of acetaldehyde. These results emphasize 
the intimate relations between the balanced processes of reduction 
and oxidation that exist in a fermenting solution. 

The production of acetaldehyde by the acetone-forming organ- 
ism, Bacillus acetoethylicum, is of particular interest since it is 
possible that through the condensation of the aldehyde and 
subsequent processes of oxidation and decarboxylation the 
acetone is formed. 

An attempt to correlate the production of acetaldehyde with 
Neuberg’s theory, that pyruvic acid is an intermediate product 
in sugar fermentation, did not give conclusive results. Pyruvic 
acid and its sodium salt are fermented to a greater or less extent 
by all three types of bacteria. The saerogenes-like bacteria 
fermented it readily, whereas Lactobacillus pentoaceticus gave 
but a slight fermentation. Among the products formed are 
carbon dioxide, hydrogen, and volatile acid. These products 
were also formed when the pyruvic acid was fermented in the 
presence of sodium sulfite, but neither qualitative nor quantita- 
tive methods showed the presence of acetaldehyde. 
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THE ESTIMATION OF CHLORIDES IN BLOOD. 


By VICTOR C. MYERS anp JAMES J. SHORT. 


From the Laboratory of Pathological Chemistry, New York Post-Graduate 
Medical School and Hospital, New York.) 


(Received for publication, July 31, 1920.) 


Renewed interest in blood chlorides has been aroused by Allen,! 
who has endeavored to show that salt retention is the cause of 
pure hypertension, and also of the hypertension in many cases of 
kidney disease. The estimation of this constituent has been 
most often conducted on the plasma, rather than on whole blood, 
but there would now appear to be some question as to the reli- 
ability of plasma analysis in this connection unless the plasma is 
immediately separated from the corpuscles. In any case a 
significant change in the blood chlorides should definitely affect 
the chloride content of whole blood as well as that of the blood 
plasma. The praetical use of various Inboratory tests of diag- 
nostic import has ordinarily kept pace with their reliability and 
simphieitv. That the estimation of the blood chlorides has not 
received more clinical consideration must be ascribed either to 
lack of appreciation of the possible value of the test, or to the 
difficulties in technique. A method of chloride estimation is 
described below which we believe contributes to the simplicity 
and rapidity of the test, without impairing its accuracy. 

Most American workers who have studied this question have 
emploved the iodimetrie method of McLean and Van Slyke, or 
some modification of it. With their original method the blood 
proteins were removed with the aid of heat, acetic acid, mag- 
nesium sulfate, and blood-charcoal. The chlorides were then 
precipitated in acid solution with silver nitrate and the excess 
was titrated with iodine, using starch as an indicator. Owing to 


Allen, F. M., J. Am. Med. Assn., 1920, Ixxiv. 652. 
~MeLean, F.C., and Van Silvke, D. D., J. Biol. Chem., 1915, xxi, 361. 
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the difficulty in securing suitable blood-chareoal, Harding and 
Mason* modified the method by employing copper sulfate and 
alkali for the removal of the protein. Later in the same year 
Foster* utilized m-phosphoric acid to remedy the same difficulty. 
Almost simultaneously with the publication of the McLean and 
Van Slyke method, Myers and Fine® described a technique of 
chloride estimation and later reported a few observations on the 
blood chlorides,® although these were not then discussed. With 
this method the proteins were coagulated in the presence of five 
volumes of 0.01 N acetie acid with a total dilution of 1 to 10, the 
last trace of protein being removed with a few drops of colloidal 
iron. The chlorides were then titrated either according to the 
Volhard-Arnold method, using solutions one-tenth the strength 
of those employed for urine, or directly with the Mohr method in 
this practically neutral solution. The disadvantage of this 
method was in the difficulty of obtaining chloride-free colloidal 
iron. 3 years later Rappleve’ likewise made use of the Volhard 
titration for the estimation of chlorides in blood plasma. Still 
later Van Slyke and Donleavy® greatly simplified the McLean- 
Van Slyke technique by introducing sufficient picric acid into 
the silver nitrate-nitric acid reagent to precipitate completely the 
proteins and chlorides in one operation. Although this method 
proved perfectly satisfactory for plasma, Austin and Van Slyvke® 
later noted that it gave too high results with whole blood, appar- 
ently as the result of the silver being bound by some constituent 
in the corpuscles. To overcome this difficulty for whole blood 
they now first precipitate the proteins with saturated picric acid 
solution. After filtration the chlorides are then estimated essen- 
tially as in the MeLean-Van Slyke method. 


3 Harding, V. J., and Mason, bk. H., J. Biol. Chem., 1917, xxxi, 50. 

‘ Foster, G. L., J. Biol. Chem., 1917, xxxi, 483. 

*» Myers, V. C., and Fine, M. 8., Chemical composition of the blood in 
health and disease, New York, 1915, 34. also Mvers, V. C., Post-Graduate, 
1915, xxx, 38. 

* Mvers, V. C., and Fine, M.8., J. Biol. Chem., 1915, xx, 391. 

Rappleve, W. C., J. Biol. Chem., 1918, xxxv, 509. 

’Van Slyke, D. D., and Donieavy, J. J., J. Biol. Chem., 1919, 
XXXVI, 5Ol. 

> Austin, J. H., and Van Slyke, D. D., J. Biol. Chem., 1920, xii, 345. 
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In connection with the present study we have tried a number 
of methods of protein precipitation, including the tungstie acid 
method of Folin and Wu.'!® None of these has proved so satis- 
factory in our hands as the use of picric acid recommended by 
Van Slyke and Donleavy. Several years ago an attempt was 
made to utilize the picrie acid filtrate employed in the estimation 
of sugar and creatinine for the chlorides, but at that time this 
method was not believed to be so satisfactory as the heat and 
acetic acid procedure. Our present observations, however, con- 
firm the findings of Austin and Van Slyke as to the reliability of 
picrie acid as a blood protein precipitant in the estimation of 
chlorides. Furthermore, they indicate that it makes little dif- 
ference in the results obtained whether the blood is diluted 1 to 
20 as in their technique, or 1 to 10 or 5. Since the 1 to 5 dilution 
is employed in the estimation of sugar" and creatinine," the chlo- 
ride estimation may be made on the same filtrate. We have 
preferred to adhere to the Volhard titration partly because this 
allows the use of the same solutions (diluted) employed in the 
Volhard-Harvey™ method for urine, and partly because of the 
rather rapid deterioration of the starch indicator used in the 
iodimetric method. When the starch solution is fresh the end- 
point is very sharp, sharper than in the thiocyanate titration, 
although with a little experience the latter is readily recognized. 
Many workers have complained of difficulties with the silver 
chloride filtration. We believe that the quickest and most satis- 
factory method of removing this rather troublesome precipitate 
is with the aid of the centrifuge as originally suggested.’ 

To summarize the advantages of the technique deseribed for 
blood chlorides, the estimation may be carried out: (1) on the 
same filtrate as used in the estimation of creatinine and sugar: 
(2) with the same reagents (diluted) as commonly emploved for 
chloride estimation in urine (Volhard-Harvey method); and (3) 
considerable time may be saved by removing the troublesome 
silver chloride precipitate by centrifuging rather than by filtration. 


1° Folin, O., and Wu, H., J. Biol. Chem., 1919, xxxviii, 81. 

11 Myers, V. C., and Bailey, C. V., J. Biol. Chem., 1916, xxiv, 147. 
12 Myers, V. C., J. Lab. and Clin. Med., 1920, v, 566. 

13 Harvey, 8S. C., Arch. Int. Med., 1910, vi, 12. 
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Method for Chloride Estimation in Blood. 


When blood chlorides only are to be estimated there are some 
advantages in employing the 1 to 10 dilution and this technique 
will be deseribed first. 


Solutions Required, 


1. Silver nitrate of such strength that 1 ce. is equivalent to 1 mg. of 
sodium chloride, 2.904 gm. to 1,000 ce. It may be prepared by a 1 to 10 
dilution of the silver nitrate employed in the Volhard-Harvey method! 
for urine, 

2. Acid ferrie alum indicator prepared by dissolving 100 gin. of erystal- 
line ferrie ammonium sulfate in 100 ec. of 25 per cent nitrie acid and 
adding four parts of distilled water. This is one-fifth the strength 
employed for urine. 

3. Ammonium thiocyanate of such strength that 2 ec. are the equivalent 
of 1 ce. of the above silver solution, or one-twentieth of the strength 
employed forurine. It contains approximately 0.65 gm. of the thioevanate 
to 1,000 ec. 

To simplify the test further it is possible to combine Solutions 1 and 2, 
two parts of No. 1 and one part of No. 2 being used with the 1 to 10 dilution 
of the blood, this combined solution being further diluted with one part of 
distilled water when the 1 to 5 blood dilution is employed. 


3.ce. of whole blood (or plasma) are added to 27 cc. of distilled 
water in a 50 ce. centrifuge tube. About 0.5 gm. of dry picrie 
acid is then added and the mixture stirred until protein precipi- 
tution is complete and the whole mixture turns a bright vellow 
color. The precipitate is now thrown down by centrifuging for a 
few minutes at moderate speed and the clear supernatant fluid 
decanted into a clean dry beaker. (If any particles remain sus- 
pended the fluid should be filtered. } 

20 ce. are then pipetted into a clean dry 50 ec. centrifuge tube 
and 20 ce. of standard AgNQOs solution, of such strength that 
lec. is equivalent to 1 mg. of NaCl (Solution 1), and 10 ee. of the 
dilute acidified ferric alum indieator added (Solution 2). The 
contents are stirred to insure thorough mixing and the AgCl pre- 
precipitate is thrown down in the centrifuge. The clear super- 
natant fluid is decanted into a clean, drv beaker and 20 ee. por- 
tions are pipetted into each of two small porcelain evaporating 
dishes for duplicate titrations. 
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The titration is made with ammonium thiocyanate solution of 
such strength that 2 ce. are equivalent to 1 cc. of the AgNOs 
solution (Solution 3). The end-point is definite and consists 
of the first permanent tinge of reddish brown which extends 
throughout the mixture. Some experience may be necessary 
before the end-point is always recognized, but thereafter there 
need be no difficulty in obtaining exact duplicate titrations. 
Passing the end-point by one drop will introduce an error ordi- 
narily of about 0.5 per cent in estimating chlorides in 100 ce. of 
blood or plasma. 

When it is desired to utilize the 1 to 5 pieric acid filtrate 
emploved for sugar and creatinine, 5 ce. (equivalent to 1 ec. of 
blood) are employed, instead of 10 ec., for a single determination. 
If this method is to be followed regularly it is desirable to dilute 
the indicator solution further by one-half. In this case 5 ec. of 
the filtrate are pipetted into a 25 or 50 ce. centrifuge tube and 
10 ce. of both the standard silver nitrate and ferric alum indi- 
eator added (or 20 cc. of the mixture referred to under ‘Solutions 
required”), After centrifuging titration is carried out on 20 ec. of 
the supernatant fluid as deseribed above. 

The ealeulation is 10 — = x a x 100 = mg. of NaCl 
in LOO ce. of whole blood or plasma. 

With the above method it has been found possible to deter- 
mine the sodium chloride content of pure solutions with an error 
of less than 1 per cent, and sodium chloride added to blood may 
be recovered with a similar degree of accuracy. A parallel series 
of results obtained with the Austin-Van Slyke method and the 
method described is given in Table I. As will be noted there is 
very close agreement between the two methods. In the case of 
the method deseribed it apparently makes little difference whether 
a dilution of 1 to 5 or 1 to 10 is emploved. All the observations 
reported in the table were obtained on whole blood. 

In his first paper dealing with the chlorides of the blood plasma 
MeLean"™ considered the influence of the plasma being allowed 
to stand in contact with the cells. He concluded that the change 
took place very slowly and that it was necessary only to centri- 


14 MeLean, F. C., J. Exp. Med., 1915, xxii, 212. 


ay 


= 
i 


3 
2 
< 
d 
¢ 
¢ 
t om 
a 
he 
tes 
+ 
Pita 
2.3 


52 Estimation of Chlorides in Blood 


fuge within 2 to 3 hours to avoid the danger. In their first paper 
on the plasma bicarbonate Van Slyke and Cullen” called atten- 
tion to the effect which carbonic acid changes in whole blood 
might have on the chloride content of the plasma, a loss in bicar- 
bonate resulting in an increase in the plasma chloride. This 
observation has recently been confirmed and extended by Fri- 
dericia,'’® who states that estimation of the chlorides in the 


TABLE I. 
Comparison of Results Obtained with Austin-Van Slyke Method and Method 


Described. 
| NaCl per 100 ce. 
Specimen, | Method described. Remarks. 
Van Slyke | 
method. , 1:16 1:5 
| dilution. | dilution. 
my. | mig. mg. 
2. M. B 487 
ATO | 462 | 481 
475 475 Essential hypertension. 
456 | 460 456 | Slight nitrogen retention. 
9 F.M........| 587 | 584 | 584 | Advanced nephritis. 
Average...... 4S7 


plasma or serum from blood which has been kept in open receiv- 
ers must give too high results, because chlorides have passed 
into the plasma (or serum) on account of the decreasing CO, 
tension. MeLean, Murray, and Henderson'? have likewise con- 
sidered this question in 2 preliminary way. Observations bear- 
ing on this question are given in Table II. In taking the control 


'° Van Slvke, D. D., and Cullen, G. E., J. Biol. Chem., 1917, xxx, 317. 

16 Fridericia, L. S., J. Biol. Chem., 1920, xlii, 245. 

‘7 McLean, F. C., Murray, H. A., Jr.. and Henderson, L. J., Proce. Soe. 
Exp. Biol. and Med., May 22, 1920. 
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specimens of blood under oil the technique of Van Slyke and 
Cullen’® was followed. The subjects were normal, two being men 
and two women. In general it will be noted that standing 
increased the chloride content of the plasma. This being the case, 
results obtained on whole blood would appear to be more trust- 
worthy than those obtained on plasma. Whole blood ordinarily 
contains about 100 mg. less NaCl per 100 ce. than plasma. 


TABLE II. 
Influence of Standing on Plasma Chloride. 


Chloride content of blood plasma (NaCl per 100 ce.). 
Chloride 
or content of  Takenin | ai 
Subject. whole blood Taken under) open con- 
(NaCl per oland sep- tainerand | 
| | ately. | lime. NaCl. 
| my. | muy. | mg. | hre. my. 
600 612 18 669 
3. H. C oe 53S tt | 63S 2 650 
é 
| 538 | 612° 24 


* After slow aeration for 5 min. the figure was 616 mg. 


SUMMARY. 


A method of chloride estimation in blood is described, in which 
the same picric acid filtrate employed for the estimation of sugar 
and creatinine, and the same solutions (diluted) ordinarily em- 
ployed for the estimation of chlorides in urine are utilized. 


hie 


; 
Z 
% 
4 
| 
he 
+3 
4? 
= 
2% 


sf 
ft: 
| 
j 
j 
a 
| 
| 
. 
a 
Fes 


NATION OF PHOSPHORUS IN URINE AND BLOOD. 


By RICHARD D. BELL ann EDWARD A. DOISY. 


(From the Biochemical Laboratories of Harvard Medical School, Bosion, and 
Washington University School of Medicine, St. Louis.) 


‘Reeeived for publication, July 29, 1920.) 


Several vears ago, Tavlor and Miller (1914) described a method 
for the determination of phosphates depending upon precipitation 
as ammonium phosphomolybdate and colorimetric estimation 
of the precipitated molybdenum by reduction with phenyl- 
hvdrazine. Although this method has been quite extensively 
used, and other reducing agents have been proposed, the obser- 
vation does not seem to have been made previously that certain 
reducing agents will reduce phosphomolybdie acid without 
affecting molvbdie acid. By taking advantage of this selective 
reduction, the molybdenum present as phosphomolybdic acid 
‘an be colorimetrically determined in the presence of an excess of 
molvbdie acid, avoiding the necessity of isolating the ammonium 
phosphomolybdate.! 

We have found that hydroxvlamine and many phenols have 
this selective reducing action in weakly acid solution at room 
temperature and we have selected hydroquinone as the most 
suitable reducing reagent. The color produced by the reduction 

‘After this paper was prepared for publication, we were shown the 
proof of a paper recently published by Dr. Wu in this Journal, in which 
he refers to this specific reduction and proposes a tentative method for 
the determination of phosphate. While we knew that Dr. Wu was inves- 
tigating phosphotungstic and phosphomolybdie acids, we were unac- 
quainted with the details of his work and have derived no information from 
it. We demonstrated the reduction of phosphomolybdie acid and the 
non-reduction of molybdie acid by hydroxylamine in the presence of Dr. 
Wu several months before his paper was sent in for publication and stated 
that we intended to develop methods for the determination of phosphate 
on this basis. We, therefore, do not feel bound by his implied reservation 


of this field. 


RAPID COLORIMETRIC METHODS FOR THE DETERMI- 
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of the phosphomolyvbdic acid by the hydroquinone is intensified 
by making the solution alkaline and a greenish shade due to the 
presence of quinone is removed by the addition of sulfite. The 
alkali (carbonate) and the sulfite are added in one solution. 

If hydroquinone is added to a weakly acid solution of molybdic 
acid, no phosphate being present, the mixture will be perfectly 
colorless when treated with alkaline sulfite, but, if phosphate is 
present, phosphomolybdie acid is formed and reduced giving a 
blue color. As little as 0.005 mg. of phosphorus as phosphate 
gives a distinct blue color in a volume of 100 ce. The reaction 
is the same as in the phenol determination of Folin and Denis 
(1915), except that in our case there is an excess of phenol, and 
in theirs an excess of phosphomolybdie acid. 

In the actual determination, the solution to be determined is 
placed in one volumetric flask and a standard solution of potas- 
sium phosphate in another. Distilled (phosphate-free) water is 
added to make both solutions to the same volume, and molybdiec 
acid and hydroquinone solutions are added to both. After stand- 
ing 5 minutes, the alkaline sulfite solution is added, the flasks are 
made up to volume, and the colors compared in the colorimeter 
in the usual manner after further standing of 5 to 10 minutes. 
It is possible that not all the phosphomolybdic acid is reduced 
by this process, but the color is strictly proportional to the 
amount of phosphate present, over a wide range of concentration. 
The unknown and the standard should have nearly the same 
acidity, volume, and temperature during the reduction with 
hydroquinone in acid solution, since variation in these factors 
has some effect. on the final depth of color. 

We have developed methods for the determination of inorganic, 
organic, and total phosphorus in urine and inorganic and total 
acid-soluble phosphorus in whole blood, plasma, and serum, 
using the solutions given below. 

Molybdic Acid Solution.—50 gm. of pure ammonium molyb- 
date are dissolved without heat in 1 liter of phosphate-free nor- 
mal sulfuric acid. 5 ec. of this solution, treated with an equal 
amount of the hydroquinone solution and, after standing 5 
minutes, with 25 ce. of the carbonate-sulfite solution, should 
give an absolutely colorless mixture. If the ammonium molyb- 
date contains phosphate, it may be purified as follows: 150 gm. of 
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ammonium molybdate are dissolved in 1 liter of water and added 
to 375 ec. of concentrated nitric acid (specific gravity 1.42) 
which has been diluted to 1 liter. 200 gm. of ammonium nitrate 
are dissolved in this mixture and the whole is allowed to stand 
several days in a warm place. After the precipitated ammonium 
phosphomolybdate is filtered out, the filtrate is treated with two 
volumes of alcohol and then with ammonia until only faintly 
acid to litmus. The molybdate separates completely in a few 
minutes and is filtered out with suction, washed with 50 per cent 
alcohol, and dried. 

This solution keeps indefinitely. The formation of a small 
amount of sediment does no harm; it may be removed by decan- 
tation. 

Hydroquinone Solution.—20 gm. of pure hydroquinone are dis- 
solved in 1 liter of phosphate-free water and 1 cc. of concen- 
trated sulfuric acid is added. On standing, this solution becomes 
colored due to the formation of some quinone. A moderate 
amount of color does no harm as the quinone is reduced in the 
determination by the alkaline sulfite solution. The solution 
should be kept tightly stoppered to reduce the amount of oxida- 
tion by the air. 

Carbonate-Sulfite Solution.-To 2,000 ec. of a 20 per cent solu- 
tion of NasCOs; are added 75 gm. of sodium sulfite dissolved in 
500 ec. of water. The mixture is filtered. The presence of a 
moderate amount of phosphate in this solution does no harm 
since phosphomolybdates are not formed in alkaline solution. 

Stock Solution of Monopotassium Phosphate.—-Pure mono- 
potassium phosphate is finely ground and exposed in a desiccator 
over sulfuric acid for several days. Of this dry preparation, 
4.394 gm. are dissolved and made up to | liter with phosphate- 
free water in an accurate volumetric flask. 1 ec. of this solution 
contains 1 mg. of phosphorus. The solution should be preserved 
with chloroform and kept tightly stoppered. 

Standard Phosphate Solution for Urine.-Of the above stock 
solution of phosphate, 50 cc. are accurately measured into a 500 
ec. volumetric flask and made up to volume with phosphate- 
free water. This solution should also be preserved with chloro- 
form. If the solution becomes turbid or if molds appear, a new 
solution should be made up. 5 ce. of this solution contain 0.5 
mg. of phosphorus. 
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Dilute Standard Phosphate Solution for Blood.—5 ce. of the 
stock phosphate solution are made up to 1,000 ee. and preserved 
with chloroform in the same manner as the standard solution for 
urine. 5 ce. of this solution contain 0.025 mg. of phosphorus. 


(rine. 


Tnorganic Phosphate.—1 to 5 ec. of urine, according to concen- 
tration, are accurately measured into a 100 ec. volumetric flask 
and 25 cc. of phosphate-free water added. In a similar flask are 
placed 5 ec. of the standard phosphate solution for urine, also 
with 25 cc. of water. To both flasks are added 5 ce. of the molyb- 
die acid solution and 5 cc. of the hydroquinone solution. After 
standing 5 minutes, 25 ce. of the earbonate-sulfite solution are 
added and the flasks made up to volume and mixed. The solu- 
tions are read after 5 to 10 minutes. While the color is not 
absolutely permanent, we have found that the standard and the 
unknown fade at almost exactly the same rate, and that readings 
made at the end of an hour give the same result as those made at 
the end of 5 minutes. However, the solution in the cup of the 
colorimeter does not fade at the same rate as that in the flask, 
and both cups of the colorimeter should be filled at the same 
time whenever a comparison is to be made. 

If the urine is read against the standard set at 20 mm. the 
‘calculation is as follows: 

10 
Reading X ec. urine used ~ “™. inorganic P per liter 

If an insufficient amount of water is added to the urine before 
adding the molybdie acid, certain urinary constituents are pre- 
cipitated by the phosphomolybdice acid leading to slightly high 
results. 

Since 1 to 4 ee. of urine are diluted to 100 ce. during the deter- 
mination, the color of the urinary pigments seldom interferes with 
the determination. We have even determined urines containing 
bile by the above process. If the color of the urine is trouble- 
some, it may be removed by adsorption. For this purpose we 
have found certain samples of “activated carbon,” prepared by 
the National Carbon Company of Cleveland, to be satisfactory. 
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A carbon to be used for this purpose should be carefully tested by 
comparing determinations on the standard solution with and 
without treatment with carbon, to insure that phosphate is 
neither added nor removed. 

Total Phosphorus.--1 ec. of urine is measured with an Ostwald 
pipette into a hard glass test-tube and 6 to 8 drops of concen- 
trated sulfurie acid, 1 ec. of concentrated nitric acid, and a piece 
of quartz are added. The tube is cautiously heated until nitrous 
fumes no longer come off and the remaining drops of sulfurie 
acid are colorless. Care should be taken to avoid evaporating to 
dryness or pronounced overheating which may cause loss of 
phosphoric acid. The remaining few drops of sulfurie acid are 
transferred to a 100 ec. volumetric flask with about 25 ce. of 
phosphate-free water. Into a similar volumetric flask, contain- 
ing 4 to 6 drops of concentrated sulfuric acid, are measured 2, 3, 
or 5 ee. of the standard phosphate solution for urine, the amount 
being determined by the result found for inorganic phosphate. 
Having been brought to the same volume with phosphate-free 
water, the standard solution and urine are treated and compared 
as in the determination of inorganic phosphate. If the urine is 
compared with the standard set at 20 mm., the calculation is as 
follows: 

x = Gm, total P per liter 

Organie Phosphorus. As pointed out by Tavlor and Miller 
(1914), it is not permissible to estimate organic phosphorus by 
subtracting Inorganic from total phosphorus since-the amount of 
organic phosphorus is so small. They recommend precipitation 
of the inorganic phosphate with barium and determination of the 
organic phosphorus in the filtrate. The technique is as follows: 
20 ce. of the urine are measured into a 25 ec. volumetric flask, 
made just alkaline with powdered barium hydroxide, filled to the 


2? We have not found that the addition of cane sugar as recommended 
by Bloor has any influence on the amount of phosphorus obtained by our 
method. It is possible that phosphorie acid compounds of the type men- 
tioned by Bloor might give the full amount of color by our method and 
yet fail to be precipitated by his strychnine molybdate reagent. On the 
other hand, pyro- and m-phosphorie acids do not form phosphomolybdie 
acid and so escape determination by our method. 
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mark with water, and filtered. The precipitate contains barium 
sulfate and phosphate. To remove the excess of barium, 20 ec. 
of this filtrate are measured into another 25 cc. flask, made just 
avid with dilute sulfuric acid, filled to volume, and filtered. An 
excess of sulfuric acid is to be avoided since it affects the final 
acidity of the determination. 1 cc. of this second filtrate is 
equivalent to 0.64 ec. of the original urine. 

We have made a few determinations of organic phosphorus in 
the following manner: 10 ce. (equivalent to 6.4 cc. of urine) of 
filtrate prepared as above are evaporated with 8 to 10 drops of 
concentrated sulfuric acid to about 2 ec., and 2 cc. of concen- 
trated nitric acid are added. The digestion is carried out as 
described under ‘Tota! phosphorus’? and the residue transferred 
to a 25 ee. flask with 10 ce. of distilled water. In another similar 
flask are placed 5 ec. of the dilute standard solution for blood 
(equivalent to 0.025 mg. of P), 4 to 6 drops of concentrated sul- 
furie acid, and 5 ec. of water. ‘To both flasks are added 1 ec. of 
the molybdic acid solution and 2 ec. of the hydroquinone. After 
5 minutes, 10 ce. of the carbonate-sulfite solution are added, and 
the flasks made up to volume and read as usual, except that it is 
better to set the standard at 30 or 40 mm. instead of 20 mm. 
If the urine is read against the standard set at 40 mm., the caleu- 
lation is as follows: 


1,000 
Reading X 6.4 


= Mg. organic P per liter 


Urines high in organic phosphorus may be read against «a 
stronger standard. It is better, for most urines, to use the dilute 
standard described above, rather than to increase the amount of 
urine filtrate used, since the smaller the amount of urine, the 
easier is the digestion. 

Determinations of organic phosphorus shoul be done on 
fresh urines, since, as pointed out by Mathison (1909), the values 
decrease on standing. 

We have also determined the organic phosphorus in urine by 
precipitating the inorganic phosphate with magnesium citrate 
as described below, and estimating the phosphorus in the filtrate. 
The values thus obtained are slightly higher and probably more 
accurate than those obtained by the barium precipitation, but the 
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determination is not so convenient and requires at least 8 hours 
for complete precipitation. 

Accuracy.-We attempted to check the results secured on 
urines by these methods against gravimetric determinations of 
inorganic phosphate. 50 ce. portions of urine were precipitated 
with magnesium citrate according to the technique of Mathison 
(1909) and filtered after standing over night. The paper and 
precipitate were dried over night at room temperature and 
weighed. The precipitate was then brushed off the paper and 
the paper reweighed as suggested by Jones (1916).* 

Table 1 gives the values for inorganic phosphate obtained by 
this gravimetric process, by our colorimetric method, and by the 
uranium titration, using ferroeyanide as indicator. The results 
by the uranium titration are usually distinetly higher than by the 
other two methods. The colorimetric and gravimetric methods 
both give good duplicate determinations, but the colorimetric 
values are higher. 

That the difference between the results by the gravimetric 
and colorimetric methods is due to too low results by the former, 
is indicated by the values in Table II. The determinations in 
this series were done just as in the first series except that the 
filter papers, after reweighing, were extracted with dilute sulfuric 
acid and the phosphate thus recovered was determined colori- 
metrically. The first column under gravimetric determination 
in Table II gives the result calculated from the weight of precipi- 
tate obtained, the second column gives the additiona: amount 
‘alculated from the precipitate adhering to the filter paper, and 
the third column gives the sum of these two. In this second 
series, the results by the colorimetric and the corrected gravi- 
metric methods are in much better agreement than in the first 
series. The results by the uranium titration tend to be higher 
than those by the other methods, and this is especially true in 
the urines containing albumin and bile. 

Although the filter paper (7 em., Schleicher and Schull’s No. 
589, black ribbon) was as small as could be conveniently used, 
examination of the column of corrections shows that quite large 


* This method of determination was suggested to us by Dr. C. H. Fiske 
of this department, to whom we are also indebted for other valuable 
suggestions. 
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TABLE I. 
Tnorgan ic Phosphate as P per Liter. 


rine. Gravimetric. Colorimetric.’ 
gm grr 

1. Normal mixed. QO 135 

Q 135 

2 0 119 

119 

5 QO 555 

Q 5504 553 

23SS 0 253 

5 QO 1356 0 145 

QO 1356 0 142 

7. Sugar 1 per cent; FeCl,++-+. O S054 ) 421 

QO 3054 416 

QO 1915 VIS 

9, No sugar: FeCl,++-+-. QO S706 406 
O 3715 

10. Albumin ++ 440s 455 
4417 

11. Normal mixed 3000 30S 
O 


8a. Sugar present. QO 1901S 0.2 


Uranium. 


145 


O 127 


0 562 


0 200 


0) 145 
0 146 


0.310 
0 307 


415 
414 


QO 215 
210 


O 302 


445 
450 


QO 313 


209 
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TABLE IL. 


Tnorganic Phosphate as P per Liter. 


rine 


13. 


14. 


Normal mixed. 


Sugar 2.3 per 
FeCl,+ +: albumi 


Sugar 0.1 
bed . 


per 


cent: 


n+. | 


cent; 


l4a. Same as No. 14, 2 days 


Lo. 


1h. 


IS. 


20). 


later. 
Sugar 0.2 per 
FeCl;++-+. 
Sugar per 
FeCl,+-+. 
Sugar per 


FeCl,;—; bile ++. 


Normal mixed. 


as 


eent: 


cent: | 


cent: 


Cravimetric. 
( ‘olorimet- 


Weighed. | Corree- 


gm. 

2734 
9703 


2315 


2169 
21354 


2399 


1244 
1254 


IS5S 


2509 
2599 


1524 


. 1532 


1636 


4ATOO 


| 
tion. | value. 

gm. gm gm 
0.0028) 0.5767 0584 
0073) 0 S766 
0.0056 0.5759 
0.0090) 0.2405 0 235" 
0.0068 0.2237) 0 227 
0.0096 0.2230 
0084 | 0 2483 0 244 
0.0010) 0 1254 0 124 
0007) 1261 
0048 O_ISS 
0.0085 0 1895 
0.01924 0 485 

O1G7t O 4AS67 
2634 
0.0085) 0.2654 0.260 
| | | 
| 
0.00380) 0.1554 0.157 
0.1557) 0.158 
| 
0.1654 0 166 
0.0015 0.1656 0 167 


tained much mucus and was very turbid. 
+ The precipitate in this urine was extremely fine so that some of it 


passed through the filter. 


included in the correction. 
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Uranium 


0. 


_ 


103 
105 


269 


162 


160 
170 


* This value was obtained after clearing with carbon. The urine con- 


This was collected by centrifuging, and is 
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and variable amounts of precipitate adhere so firmly that they 
eannot be brushed loose. The amount of this adhering pre- 
cipitate varies with different urines, though it is usually nearly 
the same in duplicate determinations, and it is perhaps depend- 
ent on variations in crystal size and shape in different urines. 
The urines having the largest corrections are those containing 
albumin and bile. When dealing with 50 ce. of urine, it is evi- 
dent that satisfactory duplicate determinations by weighing 
magnesium ammonium phosphate are no guarantee of accuracy. 
However, the variations obtained with different urines and the 
low correction in certain urines (Nos. 15 and 20, Table IL) suggest 
that with other material the adhering precipitate may be much 


less, 


Blood. 


lor the determination of the inorganic and acid-soluble phos- 
phorus in blood we have made use of trichloroacetic acid. The 
acid ammonium sulfate used by Bloor (1918) cannot be con- 
venlently used with our method on account of the large amount 
of salts in the filtrate. The tungstie acid filtrates of Folin and 
Wu (1919) give consistently low results, probably due to the for- 
mation of phosphotungstie acid from the tungstie acid reagent 
and the inorganic phosphate of the blood and combination. of 
this substance with the protein precipitate. The acetie-picric 
acid filtrates of Greenwald (1916) cannot be used for the deter- 
mination of inorganic phosphate by our method on aecount of 
the interference of the color of the picrie acid.  Acetie-picrie 
acid filtrates can be used for the determination of the total acid- 
soluble phosphorus if the pierie acid is driven off as described 
by Greenwald and the residue digested with nitrie and sulfurie 
acids. We have always found trichloroacetic acid to be free 
from phosphorus, but all samples should be tested. 

We have found that a dilution of 1:5 1s sufficient for normal 
plasma and gives the same result as a dilution of 1:10. If the 
plasma is suspected to be high, or if whole blood is used, we 
recommend a dilution of 1:10. 5 ce. of plasma are mixed with 
15 ce. of distilled water in a 25 ec. volumetric flask and 5 ce. of 
20 per cent trichloroacetic acid added with shaking. The flask 
is filled to the mark with water, mixed, and after 10 minutes Is 
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filtered through a phosphate-free (acid-washed) filter. If whole 
blood is used, 5 cc. are laked by mixing with 35 to 40 cc. of dis- 
tilled water in a 50 ce. volumetric flask and 5 ce. of 20 per cent 
trichloroacetic acid are added with shaking. ‘The flask is made 
up to volume, and filtered after 10 minutes. 

Inorganic Phosphate—To 10 ec. of the trichloroacetic acid 
filtrate in a 25 cc. volumetric flask are added 1 cc. of the molybdic 
acid solution and 2 cc. of the hydroquinone solution. At the 
same time, molybdie acid and hydroquinone are added to a sim- 
ilar flask containing 10 ce. (equivalent to 0.05 mg. of P) of the 
dilute standard phosphate solution for blood, and either 1 or2 ec. 
of 20 per cent trichloroacetic acid, according to whether a dilution 
of 1:10 or 1:5 has been used. After 5 minutes, 10 cc. of the 
carbonate-sulfite solution are added, and the flasks are made up 
to volume and mixed. The colors are compared after 5 to 10 
minutes. If the unknown is read against the standard set at 
20 mm., the calculation is 


100 
—— = Mg. P per 100 ec. (if 1:10 dilution was used) 
Reading 
or 
= NI » dilutic 
Reading ~~ © P per 100 ee. (if 1:5 dilution was used) 


It may be necessary to use a stronger standard or less filtrate 
in bloods containing much phosphorus. The proper standard 
and amount of filtrate may be roughly estimated before the deter- 
mination is made. A 5 cc. mark is made on two small similar 
test-tubes. In one of these tubes is placed 1 cc. of the dilute 
standard phosphate solution for blood and in the other, 1 cc. of 
filtrate. About 10 drops of molybdie acid and hydroquinone 
solutions are added to both tubes, and after a few minutes the 
tubes are filled to the mark with carbonate-sulfite solution. The 
amount of color may be roughly gauged and the strength of 
standard and amount of filtrate decided upon. Serum or plasma 
may be roughly estimated in the same manner before removirg 
the proteins in order to judge the proper dilution to use. 

The inorganic phosphate must be determined in the trichloro- 
acetic acid filtrate as soon as possible after filtering since the acid 
hydrolyzes the organic phosphorus on standing, giving too high 
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results. After standing 24 hours, the values for inorganic phos- 
phate and total acid-soluble phosphorus are nearly identical. 
One plasma, containing 9.6 mg. of acid-soluble phosphorus per 
100 ec., gave the following values for inorganic phosphate: 30 
minutes after filtering, 8.8 mg.; 18 hours after filtering, 9.4 mg. 
Another plasma, containing 3.5 mg. of acid-soluble phosphorus, 


TABLE III. 
Inorganic and Total Acid-Soluble Phosphorus as P per 100 Ce. 


Acid-soluble phosphorus. 
Inorganic _ 


phosphate. | pyiehloro- | Acetic-picric 
| acetic acid acid 
| mg. mie. 
1. Plasma, human. . 3:5 5.0 
Sb 
5. Plasma, human (hemolysis).......... | 
| | 4.8f 4.7 18 
(hemolysis).......... | 9.8 9 6 
' 11. Whole blood, beef........... | 5.1 10.3 10.3 
2. Plasma, human (diabetic)............ 3.2 3.6 3.5 
ay 14. Same as No. 13 with added phos- — | 
phate (40 mg. per 100 | 47.7 
* These specimens were several days old when analyzed. 
4 t The filtrate from this specimen stood 24 hours before the determina- 
4 tion was carried out. 
¢ gave the following values for inorganic phosphate: 30 minutes 
: after filtering, 3.2 mg.; 90 minutes after filtering, 3.4 mg.; 5 hours 
s after filtering, 3.4 mg. 
Total Acid-Soluble Phosphorus.—The total acid-soluble phos- 
: phorus is determined in 2 manner similar to the total phosphorus 
in urine. 10 ce. of the trichloroacetic acid filtrate, in a hard 
4 glass test-tube, are evaporated down to about 2 ce. with 6 to 8 
| drops of concentrated sulfurie acid and a piece of quartz. 1 ce. 
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of concentrated nitrie acid is added and the digestion continued 
until all the nitric acid has been driven off and the remaining 
drops of sulfurie acid are clear. The residue is transferred to a 
25 ce. volumetric flask with about 10 ce. of distilled water and 
treated as under inorganic phosphate. The standard to be used 
is determined by the value previously found for inorganic phos- 
phate. 4 to 6 drops of concentrated sulfuric acid are added to the 
standard to balance that used in the digestion but no trichloro- 
acetic acid is added, since all of this substance is volatilized 
during the digestion. 

Results —Table LIT gives some values obtained by these meth- 
ods. The agreement between the trichloroacetic acid and_ pic- 
ric acid filtrates is satisfactory. The ratio of inorganic to total 
acid-soluble phosphorus is about that usually found by other 
methods, 


SUMMARY. 


Rapid colorimetric methods are described for the determina- 
tion of inorganic, organic, and total phosphorus in urine. While 
not so aecurate as suitable gravimetric determinations, these 
methods are much more convenient and are sufficiently accurate 
for many purposes. The method for inorganic phosphate appears 
to be more accurate and rapid than the usual uranium titration. 

Methods are also described for the determination of inorganic 
and acid-soluble phosphorus in blood. 
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THE EFFECT OF DIET ON THE EXCRETION OF INDICAN 
AND THE PHENOLS.* 


By FRANK P. UNDERHILL anp GEORGE ERIC SIMPSON. 


(From the Department of Experimental Medicine, School of Medicine, Yale 
University, New Haven.) 


(Received for publication, July 13, 1920.) 


Since Baumann’s epoch-making paper on urinary phenol, 
indican, and the ethereal sulfates (1), considerable work has been 
done on the quantitative interrelations of these substances, and 
on the effect of diet on their excretion. Results have been 
obtained as contradictory as the number of the investigators so 
that, in these aspects, the literature since Baumann is a dreary 
desert of mirages. And the reason is not hard to find. In the 
first place, Folin and Denis (2) have shown that ethereal sulfates 
must necessarily represent a varying amount of phenol, since 
the degree of conjugation of these substances is at times quite 
variable. Furthermore, the methods for phenol determination 
used by the earlier workers were so crude that only a small part 
of the urinary phenols could have been accounted for. The 
phenols, after concentration in alkaline solution and distillation 
from acid solution, were determined either gravimetrically (3), 
by precipitation with bromine; or volumetrically (4), by titration 
with iodine. The latest modification of these methods was pro- 
posed in 1912 (5). It still involved prolonged heating with alkali 
which destroys phenols, as Folin has shown. It is evident that 
clearer knowledge had to wait on better analytical methods and 
that, the method at hand, the time is ripe for a study of the 
effect of diet on the excretion of these substances. 

The pioneer work of Herter and Kendall (6) and, more recently, 
of Rettger and his coworkers (7-9), and of Torrey (10, 11) shows 


* The data in this paper are taken from the dissertation presented by 
(ieorge Erie Simpson for the degree of Doctor of Philosophy, Yale Uni- 
versity, 1920. 
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that diet is effective in regulating the character of the intestinal 
flora. It is, therefore, of prime importance to know the effect of 
diet on the products of bacterial metabolism eliminated in the 
urine. Are the changes which are effected in bacterial flora 
reflected in the quantitative excretion of these products of their 
metabolism? The most important of these are the aromatic 
hydroxyacids or phenols, and indican. By putting a patient on 
a certain regulated diet, can it be said that the processes of bac- 
terial metabolism have thereby been automatically affected, or is 
it necessary in order to ascertain the efficacy of certain food-stuffs 
in the regulation of intestinal putrefaction that the bacterial 
content of the feces be determined? Would the determination 
of the phenol and indican excretion give the same information? 

The present paper gives the results of a quantitative study of 
the effects of diet on the phenol and indican excretion of the 
normal individual. By comparison of these results with those 
of Herter, of Rettger, and of Torrey, we should be able to ascer- 
tain how closely excretion of these substances is related to the 
extent of putrefactive processes in the intestine. 


HISTORICAL. 


Herter and kendall (6) determined the effect of diet on the processes 
of intestinal putrefaction by qualitative bacterial analysis of the feeal 
flora. When the subjects of their experiments, kittens and monkeys, were 
on a diet of milk and cane-sugar, the acidophiles rapidly replaced the 
putrefactive microorganisms which predominated when eggs or meat were 
the chief constituents of the dietary. They attributed the change to the 
dominant position of carbohydrate in the milk and cane-sugar diet. 

Our present day interest in the effect of diet on the bacteria of the 
intestinal tract has been crystallized by the work of Rettger and his pupils 
who have laid especial stress on the influence of lactose in changing the 
flora in the intestine of rats or of man from predominantly putrefactive to 
predominantly acidophilic in character. Torrey (10), working on dogs, 
found that lactose and dextrin were both highly efficacious in transforming 
the flora of these animals. As little as 30 gm. of lactose or dextrin added 
to a diet of rice and beef heart were able to produce this change. When 
starchy foods were fed, there was always a tendency toward the simpli- 
fication of intestinal flora with elimination of the putrefactive types. 

Hirschler (12), a pupil of Baumann’s, was the first to demonstrate by 
in vitro experiments the inhibitory action of carbohydrates on intestinal 
putrefaction. Underhill (13), in feeding experiments with dogs, showed 
that indican excretion was related to the tryptophane building-stone of 
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the ingested protein. Homer (14), on the other hand, was unable to find 
any increased excretion of indican after feeding tryptophane and believed 
that bacterial action on tryptophane was not a factor in indican formation. 

After the development of an accurate method for phenols, Folin and 
Denis (15-17) were able to carry out far more phenol determinations than 
had ever previously been reported, and thus provided our first accurate 
knowledge of the quantitative elimination of these substances. This 
knowledge of the phenol excretion has been extended by the work of Dubin 
(18, 19). Moore (20) applied the method to a study ofphenol elimination 
in infants and found that phenol excretion varied directly with the protein 
intake, in agreement with Folin’s results on the adult. 


EXPERIMENTAL, 


Since the development of Folin’s method for phenols in urine, 
an extended study of phenol and indican excretion has not been 
‘urried out on the normal individual. Such a study is necessary 
in order that an intelligent interpretation of pathological data 
may be possible. It has been shown by the results of previous 
workers that such a study to be of value should meet certain 
requirements. Any diet should be given for a sufficient time that 
its effect on the bacterial flora and hence, presumably, on indican 
and phenol excretion, may become completely established. 
Since Dubin has shown in his work on dogs that given a uniform 
diet the phenol excretion tends to remain almost constant in the 
individual, while the level of elimination may vary markedly in 
different individuals, the effect of various diets should be deter- 
mined in a single individual in order that comparison may be 
possible. 

lor the duration of the experiment artificial stimulation of 
peristalsis should be excluded, since it would introduce a variable 
which has been shown to lower the urinary phenol excretion con- 
siderably. Furthermore, natural evacuation of the bowel should 
be regular and complete. 


General Plan of the Investigation. 


The present paper is based on studies in phenol and indican 
excretion of a dog extending over a period of 3 months, and of a 
normal student for a consecutive period of 13 months at one time 
and for 15 days at another time. The excretion by two other 
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normal males was followed for shorter periods. The effect of the 
following nitrogenous foods, when ingested in large amount, was 
investigated: gelatin, a tryptophane-free source of nitrogen; 
meat, a typical animal protein; liver, as an example of glandular 
tissue high in nuclear material; kidney beans, a vegetable protein 
presented in the form in which such proteins are usually found in 
the dietary, that is mixed with a certain amount of indigestible 
carbohydrate material; and glidine, a mixture of wheat proteins 
freed from carbohydrate material. 

The effect of the carbohydrates, lactose, dextrin (contained in 
Zwiebach), and starch, was studied in three different individuals. 
These experiments are not so valuable as they would have been 
had it been possible to carry them out entirely on the same 
individual. Nevertheless, they are extremely suggestive. 


Methods. 


During the course of these experiments, 24 hour urine samples 
were collected. Since it has been shown by Folin and Denis (17) 
and by Dubin that little phenol is excreted in the feces compared 
to the amount in the urine; and by Bergeim (21) that the amount of 
indole in the feces is exceedingly small, the feces were not collected. 
On the urines, the determination of total nitrogen, creatinine, 
phenols, free and combined, and indican was carried out. Total 
nitrogen was done by the macro Kjeldahl method, creatinine by 
the method of Folin, indican by Ellinger’s permanganate titra- 
tion method (22), and phenols by the method of Folin and Denis. 

All determinations were carried out in duplicate, except the 
creatinine. When there was a tendeney toward variation in the 
amount of creatinine, duplicate determinations were performed 
here also. 

In the experiments on man it was not found feasible or believed 
advantageous to regulate the diet completely. At the beginning 
of the period for urine collection, the experimental diet was taken. 
This was at noon. For this meal, two rolls were eaten with the 
experimental nitrogenous mixture. It was found necessary to 
heat the gelatin and casein with substances to modify their taste. 
Half the gelatin was mixed with some canned chicken soup and 
eaten hot. The rest was mixed with a teaspoonful of sugar and 
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the juice of a lemon and frozen hard. The casein was boiled for 
some time with stewed tomatoes. A homogeneous, not unpleas- 
ant tasting mixture resulted The meat was freed from visible 
fat, ground, and boiled for } hour with a small amount of water. 
The fat which separated out was poured off, as it was found that 
otherwise digestive distress ensued. The liver was weighed out 
and fried. The larger pieces of connective tissue were not eaten. 
The lactose was mixed with a cup of water and a drop of vanilla 
extract and taken undissolved. 

For supper, Individual A received a small amount of meat 
(less than } pound), some potatoes, bread or other food high in 
carbohydrate, and fruits or vegetables of large cellulose content. 
For breakfast a roll, prunes, and milk were taken. An endeavor 
was made to keep the amount of roughage at all times approxi- 
mately constant. A record was kept of the diet to aid in the 
interpretation of possible anomalies. During the protein periods 
the experimental constituents of the diet far overshadowed in 
quantity, and it is believed in effect on intestinal putrefaction, 
any other constituents of the diet. 

In the experiments on high carbohydrate feeding, carried out 
on Individuals A, B, and C, the diet contained no meat or leg- 
umes. Individual A took 100 gm. of lactose two to four times a 
day; Individual C, 1} pounds of Zwieback to provide a * prac- 
tical’’ dextrin diet. ‘The basis of Individual B’s diet was rice, 
bread, potatoes, bananas, and other foods containing a large 
amount of starch. Individuals A and C supplemented their 
experimental diet with foods of high starch content. 

During the low nitrogen periods, the dog received the following 
diet: 


3.4 gm. nitrogen as meat, gelatin, casein, kidney beans, ete. 


contained in meat. 
110 “ cracker meal containing 2.1 gm. nitrogen. 
26 “ lard. 

2 * bone ash. 


On the higher level of nitrogen intake, the amount of cracker 
meal was reduced by half—from 110 to 55 gm.—and the protein 
intake increased two- to threefold to give the ecalorifie equivalent 
of the cracker meal. 


i 
4 

4 

‘ 

3 


3 
FS 


74 Phenol and Indican Exeretion 


In the experiments in which 100 gm. of lactose were fed daily 
in addition to a large amount of meat, the lard was omitted. 
The diet consisted of: 

417 gm. meat. 
100 “ lactose. 


55 “ eracker meal. 
2 “* bone ash. 


Lest the presence of fat might be a factor in phenol and indican 
excretion, during the meat period which followed these lactose- 
meat periods, 1t was also omitted, since it was desired to compare 
the effect of the two diets (see Table IV, D&89, 90, and 91). 

From the meat most of the fat and connective tissue was 
removed. It was ground up and preserved on ice in small sterile 
jars until needed. The beans were prepared by boiling in an 
autoclave at 15 pounds pressure for 4 hours. The resulting 
mush was analyzed for nitrogen and substitution was made accord- 
ingly. No account was taken of the appreciable proportion of 
nitrogen which here did not represent protein. The casein was a 
preparation made 2 or 3 years ago. Cooper’s gelatin was used. 
Merck’s milk sugar was used in the lactose experiments. A 
mixture of wheat proteins was supplied by glidine, a proprietary 
preparation put up by Menley and James, New York. 


Experiments on Man. 


Dubin, in his work on the dog, found that when the animal 
had been on an unvarying diet for a few days the excretion 
of phenols showed a high degree of constancy, the extreme vari- 
tions falling under 10 mg. a day. In our dog experiments, phenol 
excretion attained the same degree of constancy in those cases 
where the animal was kept for several days on a diet in which 
meat, casein, or beans were fed (Table III, D1—41). 

Our experiments on the human being have not shown this con- 
staneyv to be characteristic of the subjects of these experiments. 
Our diets were not so strictly regulated as those of the dogs in 
Dubin’s experiments, especially as to water intake, since it was 
not found feasible to regulate this carefully. 

Then too, the effect of diuresis explains many of the variations 
in phenol excretion, especially those unexpected high values 
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obtained sometimes, which are not related to diet changes. 
Thus, Individual C (Table I], C5-8), while on a high carbohy- 
drate diet, had been excreting an amount of phenol within the 
range of excretion of the other subjects on similar diets. How- 
ever, on January 6, the excretion markedly increased-—from 295 
to 522 mg. of phenol in 24 hours. ‘This increase is associated 
with, and is to be explained by, the sharp increase in the volume 
of the urinary output. Thus, in the days when the urine volume 
was low (C2—4), an average of 740 ec. being excreted daily, the 
phenol excretion was also low, averaging 342 mg. daily, as com- 
pared with that of the 3 days when the urine volume averaged 
1,158 ce. and the phenol excretion increased to an average of 530 
mg. daily (C5-7). 

There is still another factor. In man, certain inhibitions may 
interfere with the time, and hence probably with the complete- 
ness of the evacuation of the bowel, also. In the case of the 
dog, however, this is not a factor. 

That the effect of change of diet on the formation of phenols 
is completely overshadowed by the factor of bowel evacuation 
is shown by the high phenol values when the regularity of defe- 
‘ation is interfered with. Although on the previous day there 
had been a sweeping out of phenol, associated with diuresis, 
Subject A, on August 5 (Table I, AS), eliminated a much larger 
amount of phenol, due in part to diuresis, in part, undoubtedly, 
to failure in evacuation of the bowel. This effect is also seen on 
August 15, when defecation occurred three times within 24 hours 
and phenol excretion decreased. But the effect is seen most 
clearly when the subject was on a meat diet and frequency of 
defecation increased. The decreased phenol and indican excre- 
tion on August 24 and on September 15 is due to no other cause. 
Thus in days A27 and A39, there was a decrease of over 100 mg. 
in the amount of phenol eliminated that is not associated either 
with diuresis or diet changes. On January 1 the effect is even 
more marked, where, as the result of enhanced evacuation, the 
urinary excretion of phenol and indican both fell, phenol from 
410 to 147 mg. and indican from 23 to 15 mg. 
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Effect of Diet on Phenol and Indican Excretion. 


Greneral.—In the periods when proteins were a preponderating 
constituent of the diet of Subject A (A1—43) the elimination of 
phenol is well over 400 mg. a day. The highest value for the 
daily excretion of total phenols, obtained when defecation fre- 
quency Was not an interfering factor, was 676 mg. (A10), the 
lowest 349 mg. (A14), the average, 476 mg. 

In the low protein periods, where large amounts of lactose 
were ingested, however, the phenol exeretion was always well 
under 400 mg. An average of 311 mg. a day was excreted during 
the S days of this régime. Curiously enough, this decrease in 
phenol excretion on the low protein, high lactose diet is not 
associated with a decrease in indican excretion. In fact, when 
we come to consider the experiments on Subjects B and © as 
well as A, it is seen that indican and phenol excretion may vary 
quite independently of one another. Thus, Individual B, on a 
diet containing much carbohydrate, excreted much more indican 
than Individual A, even on a meat diet, although this diet gave a 
much higher indican excretion than the lactose diet, if we com- 
pare the results on Individual A inter se. Nevertheless, the 
phenol excretion of Individuals B and of A on the carbohydrate 
diets was of the same degree. Quite different is the case with Sub- 
ject ©. In only one instance did this individual excrete detectable 
amounts of indican. This individual was excreting far more 
phenols than either Subjects B or A, although all were on a diet 
containing large amounts of carbohydrate. Phenol and indican 
excretion, then, in different individuals, may bear quite a different 
relation to one another. May this be associated with differences 
in the character of the flora-—certain strains being especially prone 
to metabolize tryptophane, for instance? 

Consideration of the ratio of the total phenols to total nitro- 
gen should answer the question: Does total phenol excretion 
parallel the total nitrogen of the food? When there is incomplete 
absorption of the food, shown by a low nitrogen excretion, 1s 
there a tendency toward the manufacture of indican and phenol 
in larger amounts than usual? In the experiments on man it Is 
seen that this ratio tends to become constant when the diet is 
regulated, and that the highest values are found during the high 
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lactose period. Is this, perhaps, due to the stimulating effect of 
this relatively insoluble carbohydrate on bacterial metabolism 
so that, from the small amount of nitrogen available, a compara- 
tively large amount is utilized by the microorganisms? It cannot 
be overlooked that in this case the small amount of protein was 
supplhed by potatoes and bread. The coefficient of digestibility 
of these proteins has been shown by Mendel and Fine (23) to be 
the same as that of meat. In the form of bread, however, the 
protein is evidently protected from the action of the digestive 
jtuces since the nitrogen is less available than that of meat, as 
shown by Woods and Merrill (24). In this ease, therefore, more 
undigested residue may reach the sphere of action of the bacteria 
in spite of the low nitrogen intake, and thereby give rise to an 
increased exeretion of indican and phenol. Of the two influences, 
it cannot be determined which was effective. 

In the period during which the higher level of nitrogen intake 
was maintained, the conjugated phenols represented between 40 
and 50 per cent of the total phenols. In only four instances did 
the degree of conjugation fall below this limit (Table I, ALO, 11, 
24. ane? 35). In the first and third, the decrease was associated 
with a sudden inerease in total phenols, with the actual amount 
of conjugated phenols remaining at the same level. In general, 
it may be said that the degree of conjugation remained the same 
in spite of the wide differences in nitrogen intake. ‘The extent of 
conjugation rose and fell with the total phenol excretion except 
when sudden variations were eneountered. The = stimulating 
effect of high phenol excretion on the degree of conjugation, 
noted by Dubin, is not apparent from our experiments, except 
that the actual amount of conjugated phenols increased enough 
to keep the proportion of conjugated phenols the same. 

Gelatin. -When gelatin was the chief source of nitrogenous 
food (Table I, A5—-9, 13-17), there was always, within a day 
or two, a fall to a mere trace of indican in the urine. ‘This reap- 
peared as soon as the gelatin was replaced by casein. ‘The disap- 
pearance in this case is not associated with any marked change in 
the phenol output. The swiftness of the disappearance and 
reappearance gives an idea of the time necessary for our experi- 
mental nitrogenous food-stuffs to exert their effect in predom- 
inating the metabolism of the intestinal flora. In studving the 
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effect of casein, meat, and the meat-lactose combinations, it will 
be seen that phenol and indican excretion alwavs showed a 
tendeney to vary in the same direction in this individual. That 
they do not do so in this instance is merely an expression of 
the fact that gelatin is lacking in the building-stone which gives 
rise to the indican. Thus our results confirm those of Underhill, 
who determined the indican excretion of dogs when gelatin was 
fed as the predominating source of nitrogen. It was found that 
there was an invariable deerease on this diet, as compared with 
ment as the nitrogenous food. 

Casein. -When casein was the chief source of nitrogen, phenol 
excretion was at the same level as with gelatin, while the indiean 
excretion Increased and attained a level usually somewhat under 
10 mg. of indigo in 24 hours (Table I, A10—-12, 18-21, 32-35). 
In the second period of casein feeding the casein influence was 
established immediately and 1.6 mg. of indigo were found in the 
urine collected 24 hours after its feeding had begun. ‘This quick 
establishment was due to the fact that the debris from the 
preceding gelatin period had been removed from the sphere of 
action of the bacteria as the result of the increased frequency of 
defecation. ‘The slight diarrhea was probably due to mechanical 
irritation of the walls of the intestine by particles of casein. 
These were sharp cornered because the casein had not been 
sufficiently softened by boiling before it was eaten. 

Meat.-When a diet containing large quantities of meat fol- 
lowed a diet of casein there was always a sharp inerease in the 
amount of indican in the urine (Table I, A22-28, 36—43). This 
increase appeared the lst day the meat was fed and soon resulted 
in the exeretion of about 20 mg. of indigoaday. During the meat 
period the phenol values, as well, tended to become higher than 
in the preceding casein régime. While this effect is not seen so 
clearly in the second series of meat experiments, it is invariably 


seen in the experiments we have carried out on the dog. During 


the period of meat feeding the indican values were quite variable 
—much more variable than on the casein diet. This diet in 
both cases gave rise to increased frequency of defecation. This 
resulted in sharp decreases in the exeretion of both phenols 
and indiean. 
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In both instances the meat diet gave rise to very disagreeable 
subjective symptoms. It caused epistaxis, as well as decreased 
mental and physical efficiency. During the first series of experi- 
ments on this diet, a midsummer cold developed. During the 
second series, symptoms of a cold were appearing, as well as the 
epistaxis, so that the experiment was discontinued. In view of 
these results the diarrhea produced on these meat diets seems to 
the writer to be a protective mechanism to aid in getting rid of 
harmful and poisonous materials. 

Why should meat differ from gelatin and casein in causing the 
relatively high excretion of phenol and indican? There are two 
differences between meat and the other nitrogenous substances 
which may have contributed to this effect. The meat was always 
mixed with a certain amount of fat, which may have caused 
more of the protein material to pass to the lower gut undigested. 
The larger part of the fat was always drained off, however, and, 
as no butter was eaten during this period, the total amount of 
fat eaten was not greater than on the other diets. In the second 
place meat is unique among our experimental foods in having a 
certain mixture of indigestible protein, the connective tissue 
protein. Therefore, a greater amount of material containing 
tryptophane and tyrosine building-stones would reach the field 
of bacterial activity and enter into bacterial metabolism. 

Liver.—The ingestion of 1 pound of liver a day (Table I, A46— 
48) brought about an immediate increase in the phenol and 
indican excretion. Although the clearness of the result was 
partly obscured by the very complete evacuation of the bowel on 
the 2nd day, it is evident that liver, rich in nuclear material, 
does not differ from muscle tissue in its effect on intestinal 
putrefaction. 

Carbohydrate Foods.—The effect of the addition of small 
amounts of lactose to a diet high in protein was studied in order 
to determine if this would have an inhibitory effect on bacterial 
metabolism. The object of these experiments was to have 
present in the diet an amount of lactose which might be ingested 
in the form of milk. No change was seen during the few days in 
which this diet was fed, either in phenol or in indican excretion 
(Table I, A29-31, 36-39). In a course of milk feeding which 
lasted 5 days, 4 quarts of milk daily being ingested, no decrease 
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in phenol or indican excretion was seen. The value for both 
phenol and indican was intermediate between our casein and 
meat values. Constipation was an interfering factor in these 
experiments, which could not be avoided. Therefore, these 
results have not been included in this report. 

In a second series of experiments with carbohydrates, three 
subjects were kept for 8 to 10 days on a régime in which carbo- 
hydrate was supplied in much larger quantities. Rettger has 
shown that lactose changes the bacterial flora in the course of a 
few days from predominantly putrefactive to predominantly 
acidophilic. Torrey found that in puppies the addition of bread 
to a milk diet caused a considerable change in the flora of the 
intestine. He attributed the consequent replacement of Bacillus 
coli by Bacillus acidophilus to the dextrin content of the bread, 
in part. It seemed of interest, then, to perform experiments 
which should be comparative and thus determine the effect of 
these carbohydrates on the excretion of phenols and indican. 
Unfortunately, our results are not comparable inter se on this 
point since it was not possible to carry them all out on the same 
individual, and our original question has not been answered. 

The excretion of indican and phenol by Subjects B and C did 
not differ materially from the excretion during the preliminary 
period. The results lead to one definite conclusion and that is 
that, by putting a subject on a diet of high carbohydrate content 
—a ‘practical’ diet-—-whether the carbohydrate is lactose, or 
dextrin from toast, or starch, it cannot from that alone be said 
that the excretion of the products of intestinal putrefaction has 
ceased, or even come to a low level. In order to know what has 
happened as the result of such treatment it is indispensable either 
that studies of fecal bacteria be carried out, or that the excretion 
of phenol and indican be followed in a quantitative way. Thus, 
Subject C, on dextrin diet, on only one occasion excreted indican 
in the urine; Subject A, on lactose, excreted a small amount of 
indican; while Subject B, on starch, excreted very large amounts 
of indican compared with the others. The phenol excretion of 
all subjects was low as compared with the values obtained on 
Subject A on high protein diets. The high phenol values found 
on Subject C (C5—7) are a result of the diuresis which followed 
davs of small urinary output. 
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In respect to the experiments on lactose, these may be com- 
pared with the other experiments on Subject A. On this diet the 
nitrogen output was low. The phenol excretion was much lower 
than on the high nitrogen diets. The indican also was low. 
The beginning of the period of lactose feeding was accompanied 
by the development of large amounts of gas in the alimentary 
tract with very marked distention of the abdominal wall. This 
lasted until the 7th day, when the distress was considerably 
diminished, while on the Sth and succeeding days there was no 
notable development of gas. This gas production we have 
interpreted as due to the predominance of the putrefactive 
organisms which are able to convert lactose into carbon dioxide, 
and the decrease in the amount of gas we have interpreted as due 
to the displacement of the putrefactive organisms by the acido- 
philes. It would have been of great interest to continue these 
experiments a few days longer. Unfortunately, however, it was 
necessary to discontinue them so that it remains for future 
experiments to show whether the effect which Rettger and his 
coworkers have found for lactose in reducing putrefactive bacteria 
would have been associated with a further decrease in the exere- 
tion of urinary phenols and indican. 


Experiments on the Dog. 


The experiments on the dog may be divided into two groups. 
In the first (Table II], D1-41), the nitrogen intake was com- 
paratively low. The diet was regulated to give about 0.0 gm. of 
protein per kilo. The nitrogen excretion on this régime was 
about 5 gm. a day, except on the bean diet where absorption was 
impaired, In the second group of experiments the amount of 
carbohydrate was reduced while the protein intake was increased 
so that the same energy value was provided. The cracker meal 
allotment was reduced by half and the protein intake increased 
approximately threefold to make up this difference. The nitro- 
gen excretion was twice, and sometimes threefold that on the 
low nitrogen diets. 

For 2 weeks previous to the experimental periods, the animal 
had been kept on a diet of meat seraps and cracker meal. For 
some time after the experimental period there was a tendency 
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for the phenol and indiean values to vary considerably. The 
general trend was toward smaller values irrespective of the 
diet. Thus, during the first 34 days of the experiments the 
phenol excretion decreased, whether the nitrogenous food was 
meat (DI-S), gelatin (D9—-1S), casein (D19-26), or again ment 
(D27-384). This decrease is undoubtedly the expression of the 
simplification of the bacterial flora of the intestinal tract, noted 
by Herter and Kendall in their experiments on kittens and 
monkeys. 

The phenols and indican in these first experiments do not seem 
to be affeeted by changes in the type of protein in the food, except 
that after the indican had disappeared on 2 casein diet, traces 
again appeared in the urine when meat replaced the casein. 
In the second period of meat feeding, nitrogen excretion was dis- 
tinctly smaller than in the first meat period, while the phenol 
to nitrogen ratio was larger than at any other time on this tvpe of 
diet. Unfortunately it was not noticed whether this meat was 
especially tough or contained an unusual amount of indigestible 
connective tissue. This seems, however, the plausible explanation 
for the effeet noted. 

When beans were fed as the source of nitrogen, the indican 
again disappeared. The phenols underwent a small but clearly 
defined increase. This increase in phenol excretion was associ- 
ated with a decided fall in the exereted nitrogen, although the 
amount of nitrogen in the food was the same as on the preceding 
meat diet. The decrease in nitrogen elimination means that an 
appreciable quantity of bean nitrogen was not being absorbed 
from the alimentary tract. With the increase in phenols and 
the decrease in total nitrogen there was a decided increase in the 
ratio of phenol to total nitrogen, so that it averaged nearly three 
instend of less than two, as on all other low nitrogen diets. 

There was a distinct and immediate rise in phenol excretion 
when the nitrogen intake was increased two to three times. 
The ratio of total phenol to total nitrogen, however, remained at 
the same level as on the low nitrogen diets. 

Gelatin. From July 23 to August 5 the dog was kept on a 
diet in which gelatin was the source of nitrogen. It was impos- 
sible to induce the animal to take this diet with any degree of 
consistency and the attempt was finally abandoned. The daily 
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nitrogen elimination during this time ranged from 1.8 to 10.2 
gm. The animal alternately tasted, or ate the gelatin. The two 
effects were hopelessly confused and these experiments are not 
reported in the tables. 

Casein and Meat.—-The experiments on meat feeding and on 
eusein feeding confirm the results obtained with man. 

The period of casein feeding was of longer duration than in 
our human experiments so that its effect has become more clearly 
established. The conclusions was the same, however.  Indican 
and phenol were both excreted in appreciable amounts on this 
diet. The phenol as well as the indican output per day was 
distinctly higher on the meat diet. The effect of the meat diet 
on the physical condition of the animal was very marked. While 
on all other diets the animal was very lively and seemed con- 
tented, during the periods of meat feeding she became morose, 
stupid, and slept a large part of the time. When awake she kept 
chewing at the bars of the cage. After a few days the feces 
became black in color and tarry in consistency. By the 8rd or 
4th day the animal either refused the food or, after eating, 
vomited. The diarrhea was undoubtedly a mechanism adapted 
to ridding the system of toxie materials. 

Vegetable Proteins.—When glidine was fed in large amounts 
(Table IV, D67-71), the phenol and indican excretion attained 
about the same level as in the casein experiments.  Indican 
experienced a sudden drop from 20 mg., on the last day of the 
preceding meat diet, to 5 mg. on the first glidine day. After this 
the amount of indican slowly fell to 1 mg. on the 5th and last 
dav of the experiment. Unfortunately the animal refused to 
eat this diet any longer and subsequent attempts to carry out an 
experiment on this diet were not successful. We cannot, there- 
fore, be certain whether indican excretion might not have ceased 
entirely. However, on all other diets, the level of indican excre- 
tion established on the 4th day was maintained throughout the 
period and there is no reason to believe the wheat proteins would 
have been an exception to this. 

In contrast to the other vegetable protein, the bean protein 
which had been fed during the low nitrogen experiments, the 
wheat protein was fairly well absorbed as indicated by the urinary 
nitrogen. This is in agreement with the results of Mendel and 
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Fine (23). The ratio of total phenol to total nitrogen was at the 
usual level. In this case, then, there was no unusual amount of 
protein reaching the lower gut and causing enhanced activity of 
the putrefactive organisms, which would be followed by increased 
phenol excretion. This difference in the two vegetable proteins 
was merely the result of the fact that the bean protein was to a 
certain extent encased in an envelope of difficultly digestible 
material which prevented complete absorption. The wheat 
protein had been freed from this indigestible carbohydrate. 

Carbohydrates. Attempts were made to determine the effect 
of the addition of large amounts of carbohydrate to the high 
meat diets. In one experiment cracker meal was used, in the 
other, lactose. When the cracker meal and meat mixture was 
fed after a glidine period, there was a definite increase in phenol 
excretion and also in indican excretion. The amount of these 
substances in the urine was not so large as was usually found in 
the urine on a meat diet, although the diet was fed for 5 days. 

The lactose experiment was of shorter duration than would 
permit the drawing of clear-cut conclusions. As the result of 
the preceding 6 davs fasting, phenol and indican had reached 
very low levels. The metabolism of the putrefactive organisms 
had decreased by reason of the small amount of metabolite. As 
soon as the meat and lactose diet was fed (Table IV, DSt6-SS), 
the phenol and indican in the urine both increased. In order 
for the effeet of the lactose in possible transformation of the 
flora to become evident 2a longer period of lactose feeding would 
obviously have been necessary. 

When the meat and lactose diet was replaced by a diet con- 
taining meat alone (DS9-91), there was an immediate sharp 
increase in both indican and phenol excretion. This would 
indicate that there may have been an inhibitory action from the 
lactose, due to the favoring of acidophilic organisms. However, 
when we compare the excretion of phenol and indican on the 
lactose period with the excretion of these substances during the 
preceding meat period (Table IV, DS0-S2), we see that there is 
really no distinct difference. Our results on carbohydrate feed- 
ing are suggestive rather than conclusive. 
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Fasting. The results of inanition as seen in our experiments 
are in agreement with those of Dubin. ‘There is a sharp decrease 
in the exeretion of phenol, indican, and total nitrogen. The ratio 
of total phenol to total nitrogen does not change. 


DISCUSSION, 


When the results of Herter and Wakeman, of Rettger and his 
pupils, and of Torrey, who determined the effect of diet on the 
bacterial flora of the feces, are compared with our results on 
the effect of diet on the excretion of indican and the phenols, the 
relation between the two is established. ‘Those diets which gave 
rise to the excretion of phenols and indican in large amounts 
were those diets which promoted the growth of the putrefactive 
microorganisms in the intestine. Thus a diet containing large 
amounts of meat was found, by Herter and Wakeman, and by 
Torrey, to promote the growth of the putrefactive bacteria. 
Such a diet greatly stimulates the exeretion of indican. The 
excretion of the phenols is also increased on this diet. The effect 
is not seen so clearly in man as in the dog, because in man there 
are wider variations in urine flow and the completeness of the 
emptving of the bowel. 

tettger and ‘Torrey have shown that lactose is very efficacious 
in bringing about a predominance of the acidophiles. Torrey 
found that when starchy foods were fed there was a tendency 
toward elimination of the putrefactive tvpes of bacterin. White 
bread and potatoes had this influence. On this type of diet, we 
have found that the excretion of phenols, especially, is lower than 
on any other type of diet. 

(ssein was found by Torrey to show a much smaller tendency 
to give rise to intestinal putrefaction than meat. We have 
found that this protein causes far less phenol and indican to 
appear in the urine than the meat diet. 

Herter and Kendall found that, in the earlier stages of their 
experiments on kittens and monkeys, sudden shifts of diet were 
not accompanied by like changes in the character of the fecal 
flora. As their experiments were continued, however, sharper 
variations began to appear. They attributed this effect to the 
simplification of the flora caused by the elimination of all but 
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the predominant putrefactive or acidophilic strains. ‘Thus we 
have here, in the parallelism of our results with those of Herter 
and Kendall, another indication that variation in urinary indican 
and the phenols is associated with changes in the character of 
the intestinal flora. 

‘Torrey found that the ‘‘ Vegetable proteins stand in strong 
contrast to animal proteins, especially meat, in that they do 
not offer the slightest encouragement to the growth of intestinal 
putrefactive types of bacteria.”” Hull and Rettger, on the other 
hand, found that a ‘‘ Diet of bread and vegetables does not en- 
courage this flora (the acidophiles), but has the same intluence 
as ordinary protein diet.” In this instance our results follow 
those of Hull and Rettger rather than those of Torrey. For we 
have found that a mixture of wheat proteins was on the same 
level as the animal protein, casein, as far as the excretion of 
indican and phenol was concerned, and that the elimination of 
these substances was much higher on such a diet than when a 
diet containing a large amount of carbohydrate was fed. 

It is very evident from our results that the determination of 
both indican and the phenols in the urine gives a much better 
indication of the extent of intestinal putrefaction than the deter- 
mination of either of these substances alone. ‘The extreme differ- 
ences in different individuals in their tendency to exerete indican, 
especially, makes comparisons between individuals, this 
respect, hazardous. 

SUMMARY. 


In a study of the urinarv excretion of indican and the phenols, 
carried out on three normal individuals and on a dog, the follow- 
ing results were obtained: 

1. The exeretion of both indican and the phenols varies directly 
with the protein intake. In their smaller fluctuations, the 
excretion of phenol and indican does not necessarily vary in the 
same direction. In most cases, a /arge variation in indican excre- 
tion is accompanied by a variation in phenol excretion in the 
same direction. 

2. In different individuals the phenol and indiean excretion 
may bear quite a different relation to one another. A high 
indiean exeretion by an individual, as compared to other indi- 
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viduals, does not necessarily mean a correspondingly high excre- 

tion of phenols by that individual. 

3. The effect of even mild constipation overshadows the effect 

f diet on the excretion of these substances. Constipation 
emcee a large increase in the excretion of indican and the phe- 
nols. Dhiuresis, also, is shown to promote the excretion of these 
substances. 
ci 4. With increased phenol excretion there is stimulation of con- 
jugation to the extent that in most cases the same percentage of 
the total phenol is excreted in conjugation. 

5. Comparison of our results with those of Herter and Kendall, 
of Rettger and his pupils, and of Torrey indicates that those 
diets which promote the growth of the putrefactive bacteria also 
promote indican and phenol excretion. 

(a) Meat ingested in large quantities causes a marked increase 
in the excretion of the phenols and indican. 

(b) Casein causes a moderate excretion of indican and the 
phenols. 

(c) Gelatin, containing no tryptophane building-stone, causes 
cessation of indican excretion with no change in the excretion of 
the phenols. 

(7) Glidine, a mixture of wheat proteins, did not differ from 
easein in its effect. 

(e) Kidney bean protein, fed with the usual admixture of 
indigestible carbohydrate substances, was less completely ab- 
sorbed than the other proteins. Phenol excretion was increased 
by a small, but definite, amount. 

(f) On a diet containing large amounts of lactose the excretion 
of indican and the phenols was lower than when the diet con- 
tained a large amount of protein. 

6. In intelligent dieting with the regulation of intestinal putre- 
faction as the aim, it is necessary to study either the feeal flora 
or the excretion of phenols and indican. 
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BIOCHEMICAL STUDIES ON MARINE ORGANISMS. 
I. THE OCCURRENCE OF COPPER. 


By WILLIAM C. ROSE anno MEYER BODANSKY. 


(From the Laboratory of Biological Chemistry of the School of Medicine, 
(niversity of Texas, Galveston). 


(Received for publication, August 2, 1920.) 
INTRODUCTION, 


The occurrence of copper in tissues of certain marine animals 
has been known for a long time. More than 70 vears ago Harless 
(1847) detected copper in the blood of Eledone and Helix pomatia, 
and showed that it exists not as a free salt, but in combination 
with protein. This peculiar copper-containing protein, which 
was subquently named hemoevanin by Frédérieq (1878), is 
apparently an oxygen carrier analogous to the hemoglobin of 
higher animals. It differs in locality from the latter in occurring 
in the plasma rather than in the form elements of the blood. 
Unlike hemoglobin it cannot be disintegrated into a protein and a 
protein-free component. When shaken with air, hemocyanin 
combines loosely with oxygen, and is converted into blue oxyhe- 
mocvanin, and by the escape of the oxygen becomes colorless 
again. According to Henze (1901), hemocyanin of the Octopus 
may be erystallized, and the crystalline preparation has the 
following composition: C = 53.66; H= 7.33; N = 16.09; 5 = 
O.86;O0 = 21.67; and Cu = 0.38 per cent. 

Abundant evidence has been adduced to prove that hemo- 
cvanins of different sources are not identical in composition or 
physical properties. In a series of investigations Dhéré (1900, 
1903, 1913, 1914, 1919) examined the blood of various mollusks 
and arthropods, and noted peculiarities in crystallization, per- 
centage of copper, and color reactions of the respective hemo- 
evanins. He states that the efficiency of a hemocyanin as an 
oxygen carrier is directly proportional to its copper content. 
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This latter observation is of considerable physiological interest. 
In many cases at least, the more active species requiring a rapid 
respiratory exchange are provided with blood containing larger 
percentages of copper than other species of a low metabolic type. 
This fact was emphasized by Mendel and Bradley (1906-07). 
Thus the blood of the highly active Octopus contains 18 to 23.5 
mg. of copper per 100 cc., while the very inactive Helix pomatia 
is provided with only 6.5 to 12.5 mg. per 100 ce. More recently 
Alsberg and Clark (1910-11) have made a careful investigation 
of the hemocyanin of Limulus polyphemus, and find that it differs 
materially from the preparation studied by Henze. Limulus 
hemocyanin contains 0.28 per cent of copper, is much richer in 
sulfur and oxygen, and contans less carbon than the respiratory 
protein of Octopus. The copper in Alsberg and Clark’s prepara- 
tion was in an exceedingly loose combination, which could be 
completely removed by dialysis if the water used were kept 
very faintly acid. 

One of the most interesting differences in hemocyanins is that 
noted by Mendel and Bradley (1905, 1906-07) in the case of the 
marine gastropod, Sycotypus canaliculatus. The respiratory 
protein of this mollusk was found to contain zine in addition to 
copper. The name ‘“‘hemosycotypin’’ was suggested for this 
peculiar oxygen carrier. Numerous other investigators, notably 
Lankester (1872-73), Krukenberg (1880), Halliburton (1885), 
Griffiths (1890-91, 1892), and Philippi (1919), have studied 
hemocyanins of various sources. The earlier investigations are 
discussed in detail in the excellent review of von Firth (1908). 
The fact which we wish to emphasize here is the wide occurrence 
of copper as a constituent of invertebrate blood. Nor is this 
metal confined to the circulating faid, but may occur in other 
portions of the body as well. Through the investigations of 
Herdman and Boyce (1898-99), Nelson (1915),and others, copper is 
known to occur in relatively large and variable amounts in 
ovsters. According to Willard (1908), and Hiltner and Wich- 
mann (1919), this metal may be present in sufficient amount to 
impart a greenish tint to the oysters, or even to produce toxic 
symptoms when they are ingested by man. 

In Table I are listed the animals in which copper is known to 
occur, either as hemocyanins in the blood, or stored in unknown 
combinations elsewhere in the organism. 
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Animals in Which Copper is Known to Occur. 


Animal 


Schinodermata. 
Asterias....... 
| un 
hopus... 
Holothuria. . 

Annulata. 

Crustacea. 

Palaemon.. 

Clibanarius 

Astacus... 


Palinurus.... 


Squilla 


Nephrops....... 
Homarus........ 


Arachnida. 
Limulus......... 


Peleevpoda. 
Ostrea..... 


Anodonta....... 
| 
Pecten. 
Gastropoda. 


C. 


TABLE L. 


Part analyzed. 


entire animal. 


sé ‘ 
‘ 
. 
Blood 


and liver. 


and liver. 


entire animal, 


vl. 


Entire animal. 


Blood. 
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‘Tr, ovaries, ete. 
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Reference 


Dubois (1900). 
= (1900). 
1900). 
Phillips (1917). 


(1900). 


(1900). 

(1900), 
Crriffiths (1S90-91). 
Krukenberg (ISSO). 
Griffiths (1S90-91); 

(1917). 
Halliburton (1SS5). 

(ISS5); 

(IS9O-91). 
Griffiths (1890-91). 
Kobert (1903). 
Krukenberg (ISSO). 
Harless (1847); 


Phillips 


Griffiths 


Griffiths 


| Lankester (IS72-73). 

| (IN@2-75); 

| and Clark (1910-11). 
Phillips (1917). 


Alsberg 


 Herdman and Boyce (1898-99). 
| Willard (1908). 
Hiltner and Wichmann (1919). 
Ciriffiths (1890-91). 

(1ISOO-91). 

(1S90-91), 
Furth (1903). 
Dubois (1900). 

(1900). 


| Harless (1847). 
| Kobert (1903). 
(1903), 
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TABLE I—Concluded. 


Animal. | Part analyzed. | Reference. 

Aplysta....... .| Liver. Phillips (1917). 

Fissurella..... . Blood. Kobert (1903). 

Sycotypus..... .; “ and liver. Mendel and Bradley (1905). 

Fulgur..... ....| Liver. Bradley (1904); Phillips (1917). 

Cassidaria...... Blood. Kobert (1903). 

Fasciolaria...... Liver. Phillips (1917). 

Strombus...... Soft parts. (1917). 

Triton... .  ..| Blood. von Furth (1903). 

Paludina........ | (1903). 
Cephalopoda. | 

hredérieq (IS7S); Henze (1901), 

nae “and liver. Harless (1847); Dhéré (1913). 
Tunicata. | 

Elasmobranchii. 

Acanthias....... Liver. Harless (1847). 
Teleostomi. | 


As will be observed, the data thus far accumulated are chietiy 
contined to arthropods and mollusks, in which copper is invari- 
ably present. As discovered by Mendel and Bradley (1905), 
zine is likewise present in relatively large amounts in at least one 
form of mollusks (Sycofypus), though the examination of various 
other marine animals——.Wytilus edulis, Modiola plicatula, Arqina 
pexata, Eupagurus pollicaris, Ostrea virginiana, and Cancer 
irroratus—failed to reveal appreciable amounts of this metal. 
According to these investigators, traces of zine seemed to be 
present usually in (roesalpine cinerea. In the liver of Sycotypus 
copper comprises about 8 per cent of the total ash, or 1.2 per cent 
of the dry tissue; while zine comprises about 15 per cent of the 
ash, or 1.7 per cent of the dry tissue. 
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Because of the incompleteness of the data on the occurrence of 
copper and zine in many forms of marine life, and the ease with 
which these animals may be procured in this locality, we have 
undertaken a quantitative study of their copper and zine content. 
\Ve have confined our work chiefly to fishes, with a few compara- 
tive data upon ceelenterates, mollusks, and arthropods. In the 
present paper we present the copper findings only, and will 
report the data upon zine in a subsequent communication. 


Methods. 


In the present work copper was estimated in specimens pre- 
pared by thoroughly grinding the entire animals soon after they 
were removed from the water. The fishes were hashed without 
preliminary evisceration or scaling, and the crabs and shrimps 
without removal of the protective coverings. The oysters and 
clams were shucked. We expect to attempt detailed examina- 
tions of the tissues and organs in certain species later, but pre- 
liminary to subsequent investigations we desired comparative 
information concerning the copper content of the entire individuals. 

In the estimation of copper we have tried several procedures, 
and finally adopted a colorimetric method based upon the familiar 
“blue test’ with an excess of ammonia. A similar procedure 
was recommended by Heath (1897) in the analysis of tailings 
and lean blast furnace slags, but we have found it necessary 
to modify the conditions suggested by him to meet our speqal 
needs. Despite the fact that the method is an exceedingly 
long and tedious one, we have used it in preference to a 
shorter gravimetric or electrolytic process because of the diffi- 
eulty of accurately weighing such small quantities of copper as 
those with which we have had to deal. It has been our experi- 
ence that great care must be taken in following every detail of 
the procedure as adopted by us, in order to avoid the introdue- 
tion of errors. We therefore describe the method in full without 
claiming any originality for it. 


Preparation of Standard Copper Solution.—About 2 gm. of electrolytic 
copper are washed in dilute nitrie acid to remove the trace of oxide, and 
then successively in water, aleohol, and ether. The dry metal is accurately 
weighed, and dissolved in 10 to 15 ce. of concentrated nitric acid. 5ee. of 
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concentrated sulfuric acid are added, and the solution is heated on the 
water bath until the nitric acid is entirely removed. The solution is then 
diluted with about 200 cc. of distilled water, ammonia cautiously added 
until the reaction is just faintly acid, and the clear blue preparation diluted 
until each cubie centimeter contains exactly 1 mg. of copper. 

Oxidation of the Tissue.--The weighed material (usually 100 gm.) is 
introduced into a porcelain dish or casserole, treated with 20 ec. of con- 
centrated sulfuric acid, and slowly evaporated on a sand bath to a crisp 
charred mass, care being taken to prevent loss through spattering. The 
dry residue is allowed to cool, and treated with concentrated nitric acid, 
using the latter to wash down the sides of the vessel. 5 to 10 ce. of nittie 
acid are usually sufficient for the purpose. The vessel is again subjected 
to eareful heating until the nitric acid is driven off. If necessary, this 
process is repeated two or three times, or until the quantity of charred 
material is considerably reduced, and may be transferred to a large (SO to 
cc.) crucible. 

This transfer is made as follows: the major portion of the material is 
carefully seraped into the crucible with a glass rod, the dish washed with 
the minimum quantity of dilute nitrie acid, and the last traces of charred 
residue are carefully wiped from the sides of the dish with a small piece of 
ash-free filter paper. The washings and paper are added to the contents of 
the crucible, and the whole is evaporated to dryness on a water bath. The 
crucible is baked for a few minutes on a sand bath to remove the last 
traces of nitrie acid, and ignited over a Bunsen burner at a dull red heat 
until a white or gray ash (blue if much copper is present) is obtained. If 
the charred material is large in amount, it is convenient to ash directly 
that which is scraped from the dish, and to add the washings and filter 
paper afterwards with subsequent evaporation and ignition. Occasionally, 
concentrated nitric acid must be added two or three times toward the last 
of the operation in order to secure complete oxidation of the organie mat- 
tere In this manner no difficulty has been experienced in obtaining an 
ash free from organic material. 

Precipitation and Estimation of Copper.-The ash prepared as described 
above is extracted repeatedly with small quantities of hot dilute hydro- 
chlorie acid, the extracts are poured through a good ashless filter paper, 
and the residue and paper are thoroughly washed with boiling water. 
If the combined filtrate and washings exceed 50 ec., the solution is evapor- 
ated to approximately this volume. Otherwise it is neutralized directly 
with ammonium hydroxide, and again acidified by the addition of Ll or 2 
ec. of coneentrated hydrochloric acid.' A strong current of hydrogen 


1 In the analysis of certain marine animals, notably those having a 
chitinous protective covering, the ash contains a large quantity of cal- 
cium sulfate which is partly dissolved by the repeated acid extractions. 
Under these conditions a precipitation of calcium sulfate not infrequently 
occurs when the solution is concentrated, or neutralized and reacidified 
with hydrochloric acid. This necessitates an additional filtration before 


the sulfide precipitation. 
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sulfide is passed into the hot solution for 10 to 15 minutes, and the flask 
heated on the water bath until the sulfide precipitate settles. The latter 
is rapidly filtered off and washed with dilute hydrochloric acid (approxi- 
mately 0.2 N in strength) which has previously been saturated with 
hydrogen sulfide. 

The filter paper containing the sulfide precipitate is returned to the 
original flask in which the precipitation occurred, and repeatedly boiled 
with small portions of 2 N nitrie acid to dissolve the copper. Each extract 
ix decanted through a filter paper, the residue finally transferred to the 
paper, and washed with boiling water until the washings are neutral in 
reaction. The combined filtrate and washings are evaporated to dryness 
in a small easserole, and the residue is baked for a few minutes at a dull 
red heat to oxidize the trace of organic matter (or sulfur) which at this 
point is almost invariably present. The casserole is allowed to cool, and 
the cuprie oxide dissolved in a few drops of concentrated nitrie acid. A 
perfectly clear blue solution should result. If unoxidized matter is still 
present, as indicated by a slight yellow or brown color in the solution, the 
evaporation and baking must be repeated. Occasionally this process must 
be repeated three times. 

When the copper nitrate is free from interfering matter, it is treated with 
1 to 2 ec. of concentrated sulfuric acid, and carefully heated until white 
fumes are given off. The copper sulfate so obtained lends itself readily 
to the colorimetric estimation. For this purpose the contents of the 
casserole are diluted with a few cubic centimeters of distilled water, and 
washed into a 50 ee. Nessler jar. 20 ec. of strong ammonium hydroxide 
are cautiously added,? the solution is diluted to the 50 ce. mark, and mixed. 
The copper content is determined by running the standard copper sulfate 
solution into another Nessler jar containing 2 ec. of concentrated sulfurie 
acid, 20 ce. of distilled water, and 20 ce. of strong ammonium hydroxide, 
until the two solutions manifest exactly the same depth of color when 
examined longitudinally against a white background. The burette reading 
indicates the milligrams of copper in the sample taken for analysis. 

If the copper content of the sample is greater than 8 mg., it is advisable 
to dilute the contents of the Nessler jar to a suitable volume with ammonia 
(1 volume of strong ammonium hydroxide to 3 volumes of distilled water), 
and use an aliquot part for the titration. Two closely agreeing titrations 
should be made against each unknown. 


Analyses of aqueous copper solutions carried through the 
entire process, and of ground meat to which known amounts of 
copper were added, indicate that the maximum error in the use 
of the method is approximately 5 per cent, as indicated in Table 


° The large excess of ammonium hydroxide is necessary to produce a 
clear permanent blue color, rather than the purple or purplish blue which 
results with smaller amounts of the base. 
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II. This is about as small an error as could be expected in the 
estimation of such traces of copper, especially in view of the 
fact that the destruction of the tissue, which is necessary in any 
procedure, is the most probable source of loss. 


{ TABLE I. 
Recovery of Copper from Known Mixtures. 
| | 100 ec. of distilled water. 0 §0 | 5.0 5.0 
0 00 10.0 10.0 
ae, 50 gm. of meat.* 0 | £8 | 8s 4.85 
0 00 00 102 
5 | a eS 0 | 20.0 | 20.0 20.8 
<« 0 16.0 16.0 15.6 
8 | 100 “ of oysters.t 432 | 3.86 | 7.62; 7.1 
| — 6.00 §.0 | 11.0 10.7 


* Preliminary analysis showed that 50 gm. of the meat did not contain 


a detectable amount of copper. 
t No. 2 of Table ITT. 
t No. 4 of Table IIT. 


EXPERIMENTAL. 


Using the above method, we have determined the copper in 
about thirty-five specimens of marine animals, the results of 
which are tabulated in Table II]. The figures recorded are in 
most cases the averages of closely agreeing duplicates. With 
the exception of two analyses, one upon a large variety of clam, 
and the other upon a pigfish, copper has been found present in 
every case. Where we were unable to detect copper, the amount 
of tissue available for analysis was rather small, and we have 
been unable to procure other speemens of these species for 
duplicate determinations. 

Of the fishes, the common sea-catfish contained the least 
copper, only minute traces (less than 1 mg. per kilo) being found 
in any of the three specimens analyzed. One sample of croaker 
(No. 14) showed less than 1 mg. of copper per kilo of tissue, 
while a second specimen (No. 26) showed 2.5 mg. per kilo. In 
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TABLE Ill. 
Quantity of Copper tr Marine Animals. 


Amount | Cu 
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Animal. | | Remarks. 
gm. | mg. | mo. | 
 Coplenterata, | | | 
Jellyfish..... | 200 | 0.30 | 1.5 Entire animal ground. 
272 | 060 | 2.2 One entire animal. 
| 3.7 Two small individuals. 
| | | 
Pelecypoda. | | | 
Oysters......| 100 | 4.52 | 45.2 | 
100 6.00 | 60.0 | 
| 4.70 47.0 
| 0.0 | 
Crustacea. | | | 
Crabs........ 
Elasmo- | | 
branchii. | | 
Torpedo ray., 100 035 3.5 | Three ground and 
| | sampled. 
Sting ray... 100) 052 , 5.2. Entire animal ground. 
Telestomi. | | | 
Angelfish.....| 59 | 0.25 | 4.2 || 
Sea-catfish.. 100 Trace. Trace. 
100 0.25 | ‘One or more individu- 
Pigfish....... 43 | 00 0.0 || als thoroughly 
Whiting...... 100 | 0.10 | 1.0 | ground and mixed 
Yellow-tail.... Of | 0.25 | 2.7 || before sampling. 
Flounder..... 
Spotted trout. 100 0.18 rs 
Redfish... ... 100 0.20 2.0 
Drum........| 0.25 | 2.9 || 
100 0.2% 2.5 || 
Tarpon...... 100 | 0.24 | 2.4 ; 


“sr 


(naly- 
sis No 
12 
44 
| 
| 
37 
39 j 
49 
3 
5 | 
10 
| 
29 
16 
6 
| 
19 
1] 
20 
24 | 
14 
26 | 
23 
23 
28 
12 | 
27 
1S 
17 
21 
30 
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general the fishes contain a low but rather constant amount of 
copper, averaging about 2.5 mg. per kilo of tissue. The two 
species of caelenterates--the common jellyfish and the Por- 
tuguese man-of-war—contain about the same proportion of 
copper in the fresh tissue as do the fishes, though the tissues of 
the former have a much higher water content. On a dry weight 
basis the caelenterates would) manifest a much higher copper 
content than the fishes. 

Oysters were by far the richest in copper of the animals ex- 
amined, the content varying from 24 to 60 mg. per kilo. These 
figures are, however, considerably lower than those obtained by 
Nelson (1915), who found that blue oysters contained 40 mg. of 
copper each and that uncolored ones contained 9 mg. each. In 
their extended study of the copper content of these mollusks, 
Hiltner and Wichmann (1919) report figures ranging from 6 to 
several hundred mg. per kilo, and state that oysters grown in 
water highly contaminated with metallic wastes from smelters 
and other factories contain the larger proportions of this metal. 
These authors are inclined to believe that the copper exists in 
the blood of the oyster, as in other mollusks, since the blood- 
containing fluid drained from shuecked oysters invariably shows 
the presence of copper. Herdman and Boyce (1898-99) have dem- 
onstrated by microchemical tests that in certain ovsters copper 
may occur in the leucocytes. 

We have made one quantitative determination of the distri- 
bution of copper in fresh oysters. For this purpose 300 gm. 
were separated by careful dissection into four fractions composed 
of («) mantles, (b) digestive glands or hepatopancreases, (c¢) 
adductor muscles, and (d) the other parts including the gills, 
which we have ealled the ‘‘residue.”” These fractions were 
weighed and analyzed separately, the results of which are shown 
in Table IV. The data indicate that the copper is rather uni- 
formly distributed. No marked differences in the four fractions 
were found except in the muscle, which contained only about half 
as much copper as the other tissues. The residue was somewhat 
higher than the fractions composed of digestive organs and 
secreting mantles, possibly due to the vascularity of the gills 
which were contained in this fraction. 
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To determine whether copper exists in oysters in a diffusible 
form, the following experiment was made. A sample (87.5 gm.) 
of oysters, No. 37, containing 4.1 mg. of copper, was thoroughly 
ground, preserved with toluene, and dialyzed against. distilled 
water. After 26 hours the dialysate was removed, and the exper- 
iment continued with fresh distilled water for 70 hours. Approx- 
imately 3 liters of water were used in all. Analysis of the com- 
bined dialysates showed that 0.5 mg., or 12.2 per cent of the total 
copper, had diffused. Hiltner and Wichmann (1919) believe that 
oysters store copper in excess of their physiological needs. A 


TABLE IV. 
Distribution of Copper in Oysters. 


Tissue. [Moranalyeis. Cu found. | Cu per kilo. 
| qm. | my | my 
Digestive glands....... ..... 56.7 | 1.95 | 34.4 
Adductor muscles.......... 0...... | 38.5 | 0.7 | IS 2 
1 291.2% | 9.75 34.7 


* 300 gm. of fresh oysters were used for this experiment, but small frag- 
ments of tissue were unavoidably lost during the dissections, and eonsid- 
erable evaporation of water occurred. These factors account for the 
decrease of 18.8 gm. in weight. 


similar opinion is held by several investigators concerning the 
storage of copper in the livers of gastropods. Perhaps the 
diffusible metal in our specimen represented the stored surplus; 
or it may be that the copper exists ordinarily in a very loose 
combination with protein, such as was found to be the case in 
the hemocyanin of Limulus by Alsberg and Clark (1910-11). 
As shown in Table III, the shrimps and crabs had copper con- 
tents intermediate between oysters and fishes, the shrimps aver- 
aging about twice as much copper as the crabs, though differing 
considerably in the three samples examined. In a distributional 
test upon shrimps, the protective coverings were removed from 
200 gm. and the hulls (including the heads and tails), and the 
meats were analyzed separately. The hulls amounted to 89.0 
gm. and the meats to 104.5 gm., 6.5 gm. of water having been lost 
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through evaporation during the hulling. Contrary to our expec- 
tation, the hulls showed 7.3 mg. of copper per kilo, while the 
meats contained only 2.4 mg. per kilo, indicating that most of the 
copper in the shrimp ts located in the protective covering. 


DISCUSSION. 


We believe that the data presented above clearly indicate 
that copper is a normal—possibly an essential-—-constituent, not 
only of mollusks and arthropods, where it is known to serve as an 
important ingredient of the respiratory protein, but of the tissues 
of tishes as well. Whether it exists in the latter as hemocyanins, 
or as other compounds of physiological importance, cannot at 
present be stated. It is interesting to observe that in the organ- 
isms examined by us the amounts of copper progressively diminish 
as we ascend from the comparatively simple to the more complex 
forms of life, and that when we come to the fishes, which are 
provided with hemoglobin, copper persists at a low but rather 
constant level. 

In view of the almost universal occurrence of copper in marine 
animals it is not difficult to understand its source in fishes. Liv- 
ing largely at the expense of crustaceans, mollusks, and other 
low forms, fishes have an abundant supply of the metal in their 
diets. We believe that the universality of its occurrence and the 
constancy of its amount speak against its being an accidental 
constituent, or one due to the trace of copper in sea water. Hilt- 
ner and Wichmann (1919) report two analyses of sea water made 
by the Bureau of Chemistry laboratory at New York. In one, 
no copper could be detected in 3,500 ec.; in the other, a trace 
was detected in 4,000 ec. We have analyzed a specimen of water 
obtained about 30 feet from shore along the bathing beach of 
Galveston, where the maximum contamination would prevail, 
and found 0.14 mg. of copper per kilo of water. This figure is 
about one-twentieth of the average copper content of fishes. 
In a later communication we hope to present data on the distri- 
bution of this metal in some of the larger species. 
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SUMMARY. 


1. Copper has been found to occur in two forms of carlen- 
terates; namely, the common jellyfish (Aurelia), and the Por- 
tuguese man-of-war (Physalia). 

2. In oysters obtained locally, copper is rather uniformly dis- 
tributed throughout the tissues as indicated by separate analyses 
of the mantle, digestive gland (hepatopancreas), large adductor 
muscle, and the remaining parts (residue) including the gills. 
The chief difference in the proportion of copper occurs in the 
muscle, where only half as much of the metal is found as else- 
where in the organism. Part of the copper in oysters (12.2 per 
cent in our experiment) exists in a diffusible form. 

3. Analyses of twenty specimens of common fishes showed 
the presence of copper in every case except one, and the failure 
to detect it in this case was probably due to the small amount of 
material available for analysis. The average copper content 
Was approximately 2.5 mg. per kilo. 

4. Jt is believed that copper is a normal—possibly an essential 
—constituent of marine animals, and not an accidental one due 
to the trace of this metal in sea water. 
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In a recent paper Williams! deseribed a method of testing for 
the presence of the antineuritic substance which in this laboratory 
has been generally referred to as water-soluble B. For this purpose 
veast was employed, and the basis of the test was the assumption, 
verified by experimental trials by Williams, that the veast cell is 
‘apable of multiplication only when the antineuritic substance 1s 
present in its nutrient medium. By means of a series of dilutions 
of solutions which he used for the cultivation of yeast he was able 
to obtain results which gave promise of his method being useful 
in a quantitative sense as well as qualitative. Owing to the 
fact that the test as described by Williams could be carried out 
with very small amounts of material, and in a period of time 
much shorter than is required for the demonstration of the pres- 
ence of the antineuritic substance in a nutrition experiment on a 
mammal, the method proposed for utilizing veast as an experi- 
mental organism seemed to offer great possibilities of usefulness 
to those who are engaged in the study of methods for the isolation 
and identification of this most interesting dietary factor. 

The work reported in this paper had its origin in an effort to 
develop proficiency in the conduct of experiments with yeast by 
the Williams method. 

Considerable inconvenience experienced in carrying out 
the test, owing to the number of small particles which became 
detached from the pen, and which interfered with the counting 
of the number of cells. A modification of Williams’ method was 


' Williams. R. J... J. Biol. Chem., 1919, xxxvili, 465. 
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therefore introduced, in which a platinum syringe needle, having 
an opening at right angles to its axis, was used for depositing the 
droplets on the cover-slip. The needle was attached to a piece 
of glass tubing by means of a short piece of rubber tubing, and 
it was found that with this instrument the suspension of yeast 
cells could be easily and quickly distributed, without leaving any 
detritus in the droplets. It was found that a fairly uniform 
distribution of cells could be obtained by this method. The 
slides were incubated in the manner described by Williams. 

Our results were characterized by lack of uniformity in the 
development of the yeast, and for this reason an attempt was 
made to substitute for the cover-slips used by Williams the ordi- 
nary blood counting chamber of the Levy type. In order to 
break up the clumps of yeast cells without injuring their vitality 
air was blown through. the suspension instead of shaking the 
latter. The solution was then distributed in test-tubes, 5 or 10 
ee. in each. ‘The results by this technique were much more 
uniform. ‘Table II shows on one hand how the cells frequently 
were distributed in the droplet method, and on the other how the 
same suspension behaved in the blood counting chamber method. 

Williams ealled attention in his paper to the fact that many 
times it is impossible to count the number of cells a@r a period 
of growth on account of the fact that the cells grow in three 
dimensions. He found it necessary to count a part and estimate 
the probable number. By the counting chamber method it is 
not necessary to guess at the number of cells. If the suspension 
is too rich it may be diluted to such a point as facilitates the 
counting. Immediately before counting, a little formalin was 
added to the solution in order to kill the cells and avoid further 
growth. Using this technique we have attempted to test several 
substances known to be rich or poor in the dietary factor water- 
soluble B. We will first consider the results obtained by the 
extraction of wheat germ with hot water. 

1 gm. of wheat germ was boiled with 50 ec. of water for 10 
minutes (extract 1), the residue was boiled again with 50 cc. of 
water for 10 minutes (extract 2), and the second residue was 
boiled with 50 ec. of water for 10 minutes (Extract 3). The 
separation of the residue from the soluble part offered some 
difficulty due to the viscosity of the solution. In some cases we 
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have separated the solution from the undissolved part by means 
of a centrifuge and in others by filtration in an alundum crucible. 
Only by passing the solution through a Berkefeld filter could an 
approximately clear solution be obtained. Fight suecessive 
extractions were made. 

These extracts were evaporated to the volume of 25 cc. so 
each 1 ce. corresponded to 0.04 gm. of wheat germ. 5 cc. of the 
control solution were put into test-tubes previously sterilized, and 
the first extract was added as shown in Table I. 


TABLE I. 


Tube No C'ontro! solution First extract. | (Control solution. 
cr. Cr 
5.0 0 Seeded with 
2 5.0 01 Fleischmann’s 
3 5.0 | 0.2 | yeast. 
4 | 5.0 | 03 | 
5 5.0 | 


LO 


l'rom these tubes we made a series of slides by the droplet 
method and ran a comparative series by the counting chamber 
method, the results of which are presented in Table II. 

If we take into account only those droplets which contain one 
single cell, we observe that they give rise to very different num- 
bers of cells by the end of an 18 hour incubation period. In those 
squares where the yeast cell was dead, or had reached the stage 
where budding had ceased, there was, of course, no multiplication. 


Seeding 1. 


1 cell gave rise to 53 cells. 


‘ 


Seeding 2 (Control Solution Plus 0.1 ce. of Wheat Germ Extract). 


1 cell gave rise to 3 cells. 
In the rest the single cells were dead or incapable of budding. 
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Seeding 3. 


1 cell gave rise to 101 to 301 cells. 


Seeding 4. 
1 cell gave rise to 130 to 1,000 cells. 


Seeding 35. 
1 cell gave rise to 75 to 1,000 cells. 


Qn the other hand, when using the test-tubes which contain 
5 to 10 ce. of control solution, to which different amounts of 
wheat germ extract were added as stated above, by using the 


TABLE Ill 
Tube No. | First count. ee \verage. 
cells cells cells 
1 | 21 23 22 
2 | 132 92 112 
3 214 19S 206 
4 | 342 308 325 
5 | Ost O45 


eounting chamber we have a greater chance of securing the same 
number of cells distributed evenly, as respects their vital condi- 
tions, and thus effect a diminution of the magnitude of error due 
to individual cell differences. This procedure, in fact, gave more 
comparable results. 

By the counting chamber method, and using the same = sus- 
pension already used with the droplet method, the results given 
in Table IIL were secured. 

The largest variation in the series of countings on the same 
suspension was in Tube 5 (602 to 684-——difference 82, about 15 
per cent variation between the first and second counting). 

It seems, therefore, that a more even and reliable result: can 
be obtained by the use of this procedure than with the droplet 
method devised by Williams, even though the droplets were made 
by the platinum needle instead of a pen. 
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We have tested the effeet of increasing the quantity of the 
first aqueous extraction of wheat germ on the growth of veast. 
The uniformly beneficial effects were suggestive that the high 
content of water-soluble B in the extract exerted a stimulating 
effect on the growth of the veast. 

The results of testing the second and third extracts prepared 
from the residue of the first extraction when tested for their 
effect on the growth of veast are given in Tables [IV and V. 


TABLE IV. 
Test with Second Ertract. 


Average after 12 
No. of cells. hig. incubation. 


(43 
TABLE V. 
Test with Third Extract. 


No. ofcells. 
Control solution...._.. 150 189 174 5 
” 421 480 450 5 
+ 10 “ first extract... 106S 1.240 1.154 


The results show clearly that there is a stimulating effect of 
the extracts on the rate of multiplication of veast and that in 
general the greater the amount of extract added the more pro- 
nounced the acceleration. 

Alcoholic extracts of wheat germ were also prepared in which 
various strengths of alcohol were used, varving from 40 to 75 
per cent. In all cases the germ was boiled for 10 minutes in 
aleohol and the solution filtered through paper or an alundum 
filter, then evaporated on a water bath at low temperature with 
a fan blowing on the surface. In all cases it was observed that 
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the growth of veast was markedly stimulated by the addition of 
an alcoholic extract of wheat germ to the control solution. 

In some experiments we have used wheat germ extract treated 
with sodium bicarbonate and autoclaved, in order to destroy as 
much as possible of the antineurttic substance. Before addition 
of such extracts to the nutrient medium the sodium bicarbonate 
was neutralized with hydrochlorie acid. 

k:xtract of fresh beef made by boiling the latter with water 
was also employed. The beef muscle was treated with 2. per 
cent of NaHCO, moistened and allowed to stand for 3 hours, 
then autoclaved 1 hour at 15 pounds pressure. Iextract of rolled 
oats was also used. The oats were treated with 2 per cent 
of NaHCO s and autoclaved at 15 pounds pressure as described 
for the meat muscle. The oats so treated were fed to young 
rats in a diet consisting of rolled oats 40.0, gelatin 5.0, casein 
5.0, NaCl 1.0, butter fat 3.0, CaCO, 1.5 per cent. The animals 
failed to grow. After 41 davs 3 per cent of untreated wheat 
germ was added to the diet to furnish the antineuritie substance. 
The animals responded at once with rapid growth. 40 per cent 
of untreated oats furnishes an abundance of antineuritic sub- 
stance, water-soluble B, for growth. The treatment of the oats 
with alkali had, therefore, destroyed its content of this substance. 

The series has been extended by the employment of meat 
extract prepared by precipitation with barium, the addition of 
barium being stopped while the solution was still distinetly acid. 
After the removal of the barium sulfate the remaining acidity 
was neutralized by ammonium hydroxide. 

All extracts emploved in our experiments were carefully steril- 
ized by boiling and kept in an ice box until used. Observations 
were made to establish that there was no contamination of these 
extracts with bacteria. 

Table VI illustrates the effeet of 40 per cent alcoholic extract 
of wheat germ added to the control solution on the rate of devel- 
opment of veast cells. Kqual amounts of successive extracts 
were emploved. 

Table VII illustrates the effect of adding 1 ce. of each of a 
series of eight successive extracts of wheat germ, using 40 per 
cent alcohol as a solvent. 
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Table VIII illustrates clearly the progressively increasing 
benefit to the yeast by adding increasing amounts of 75 per cent 
alcoholic extract of wheat germ. 


TABLE VI. 


| No. of cells after | 
| 18 hrs. 


Average. 
5 cc. of control solution...................... | 147 138 140 
+ ce. first extract. 79S SO4 5 
5 + 1 second | 5 7 SOS 
5 4s 1 third | 3902 416 | 404 
5 aa + fourth 430 399 | 414 5 
TABLE VIL. 
| No. of cells after 20 hrs | Average. 
| 570 433 480 494.3 
“ +1 ce. first extract... 1.560 1,720 
+1“ fourth “ ...| 760 670 | 715 
+1“ sixth S20 7S0 7 
= +1“ eighth “ OO) 
TABLE VIII 
No. of cells after 
20 hrs. incubation’ Average 
per 400 squares 
5 ce. control solution + 1.0 ee. water | 409 483 491 
+09 + O.1 ce. first | 
5 ec. control solution + O.S ec. water + 02 ce. first 
extract........ 1 S00 1.375 
5 ec. control solution + 0.6 ec. water + 0.4 ee. first 
5 ec. control solution + 1.0 ce. water + 1.0 ec. first ' 


extract........ 2.180 2.540 2,360 


Tables IX, X, and XI illustrate the effect of adding to the 
control solution aqueous or alcoholic (40 per cent alcohol) ex- 
tracts of wheat germ. In these experiments the wheat germ had 
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TABLE IX. 

No. of cells after | 

IShrs. per 400 Average. 

squares. 

+ 1 ce. autoclaved wheat | 
germ extract. 2 460 2,160 
5 ee. control solution + 2 ce. autoclaved wheat | gy 

5 ee. control sobation + 1 ec. aleoholie extract of | a 
wheat germ........ ...| 2,820 2,420; 2,470 

5 ce. control solution + 2 ee. aleoholie extract of | a 
wheat germ.... 3,080 2,320 | 2,426 

PABLE X. 


IShrs. per 400 Average. 
squares. 
5 ee. control solution. 160-210 185 
+ 15 ee, water 0.5 ec. | 
per cent aleoholic extract ....| 1,340 1,210 | 1,275 
5 ec. control solution + 1.0 ce. water + 1 0 ce. 75 | a 
per cent alcoholic extract... 2,060 2,080 2,045 4 
5 ee. control solution + 1.0 ec. water + 0.5 5 ce. 15 ay 
per cent aleoholie extract + 1.0 ce. autoclaved bh 
wheat germ 1.920 1.480 1 4 
5 ee. control solution . + ec. autoclaved wheat 4 
germ + ee. 75 per cent absoleliie extract... 2.790 3,920 3,355 
5 ce. control solution + 1 ce. autoclaved wheat ? 
germ + 1 ec. water 2,199 2,120; 2,155 
TABLE NI. 
No. of cells after 
20 hrs. per 400 Average 
squares. 
5 ec. control solution ¢ 2 ee. water... 100 120 110 
§ “ 7 2 +i “ “ + 1 ce. ex- | 
tract autoclaved wheat germ.................. 2,440 2,320} 2,380 
5 ec. control solution + 2 ce. extract autoc volt ived | 
wheat germ.. 2,730 2,680 2,680 
5 ee. control solution + ry ee. , water + lee. 40 | per | 
cent aleoholic extract wheat germ 2.040 2,320 2.180 
5 ce. control solution + 2 ec. 40 per cent ale shields 
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been treated with 2 or 4 per cent sodium bicarbonate, allowed to 
stand in a moist condition for 3 hours or longer, in order that the 
alkali might penetrate the material. The wheat germ was then 
autoclaved at 15 pounds pressure for 3 hours, the acid neutralized, 
and the material dried in a current of warm air. 

TABLE NII. 


24 brs. is hres 
(Counts Aver- Counts. 
1. 10 ce. control solution. 300 305 2.350. 2 425 
310 2 
+ lec. 10 per cent 390-360) 5 020, 4,980 
glucose. 330 4 O40 
3. 10 ec. control solution + 2 ce. 10 per cent | 360. 370 8 300 7,975 
glucose. | 380, | 7 650: 
| | 
4. 10 ce. control solution + 1 ce. autoclaved | 1,540 1,445 2,880, 2,970 
wheat germ extract. | 3,060 
5. 10 ce. control solution + 1 ec. autoclaved | 1,400 1,395 3,780 3,900 
wheat germ extract + 1 ce. 10 per cent | 1,390 4,020) 
glucose. 
6. 10 ce. control solution + 1 ce. 75 per cent 1,650, 1,730 5 340. 5 395 
aleoholic wheat germ extract. 1 S10 5 450 


. 10 ce. control solution + 1 ce. 75 per cent 1,570 1,555 5,400 5,580 
aleoholic wheat germ extract + lec. 10 per 1,540 5 760) 
cent glucose. 


| 


It is easily apparent that the addition of these extracts exerted 
a profound stimulating effect on the growth of the veast, but 
that the extent of acceleration of the growth of veast is not 
proportional to the amount of extract added. 


> This germ was used in a feeding experiment with rats to show whether 
it still contained any appreciable amount of water-soluble B. The ration 
consisted of casein 1S, treated wheat germ 15, butter fat 5, salt mixture 
(No. 185) 3.7, dextrin 58.3 per cent. The animals failed to grow. In a 
subsequent period rapid growth took place when 3 per cent of untreated 
germ was included in the diet. All the antineuritic substance had been 
practically destroved by heating with alkali. 
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Table XII illustrates the effect on the growth of veast of add- 
ing to the control solution varying amounts of glucose and of 
glucose together with extracts of wheat germ. 

It will be observed that Nos. 2 and 3 show «a surprising accel- 
eration due to the addition of double the amount of glucose. 1 ce. 
of 10 per cent glucose solution added to 10 ec. of control solution 
produced 4,980 veast cells after 48 hours. 2 cc. of the glucose 
solution added to 10 cc. of control solution led to the develop- 
ment of 7,975 cells in the same interval. Comparing Nos. + and 
5, the addition of 1 cc. of autoclaved wheat germ extract produced 
2,970 cells in 48 hours, whereas the same medium with IL ce. of 
10 per cent solution produced 3,900 cells. That results are not 
always consistent is shown by comparison of Nos. 6 and 7, in 
which there was a marked effect from the addition of 1 ce. of 
75 per cent alcoholic extract of wheat germ, and very slight 
further stimulation by the addition of 1 cc. of 10 per cent glucose. 

Table XIII illustrates further the lack of uniformity in the 
development of veast under different conditions. 

Comparing Nos. 2 and 3, greater growth was secured by add- 
ing to 10 ce. of the control solution 1 ce. of 10 per cent glucose 
solution than was obtained by the addition of 0.1 ce. of 75 per 
cent alcoholic extract of wheat germ without additional glucose. 
In order to test the possibility of securing comparable develop- 
ment of yeast when the cultural conditions for every cell were as 
nearly as possible identical the following procedure was tried. 

A drop of yeast suspension was placed on a clean cover-slip, 
and the number of yeast cells contained in it carefully determined 
by counting. The veast cells were then immediately washed 
into a sterile test-tube by means of control solution, and the 
amount of control solution was then adjusted so that 0.1 cc. of 
nutrient solution was available for each yeast cell present. The 
following five experiments illustrate the results of this procedure. 
An examination of Table XIV shows that in the first test-tube 
there were 21 yeast cells, each with 0.1 cc. of nutrient medium. 
After 12 hours the number was increased to 39, an approximate 
multiplication of the original number by 2. In the second tube 
20 cells were present, and in 12 hours this had multiplied the 
original number by 16. In the third tube 31 cells were present, 
and after 12 hours this had multiplied the original number by 19 
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In the fourth tube 34 cells were present, and after 12 hours this 
had multiplied 213 times the original number. In the fifth tube 
43 cells were present and in 12 hours the original number was 
multiplied by 10. The cause of these irregular results is unques- 
tionably to be attributed to the introduction of injured cells or 
cells of low reproductive power into the test specimens. 

TABLE NIL. 


18 hrs 52 hrs 
Counts. Counts. 
1. 10 ee. control solution. 300 320) 4,680) 4,590 
2) 4,100 
+ 1.0 ce. 10 per cent 420, 4,660) 4,640 
glucose. 380 4,620 


3. 10 ce. control solution + 0.1 ce. 75 per cent 620 645) 3,600) 3,680 
alcoholic extract wheat germ. 670 3,760 


4. 10 ce. control solution + 0.1 ce. 75 per cent 910 945 6,260) 5,790 
alcoholic extract wheat germ + 1.0 ec. 10 USO) 5 320 
per cent glucose. | 


5. 10 ce. control solution + 0.5 ec. 75 per cent | 940° 1,120) 4,240) 4,320 
alcoholic extract wheat germ. 1300 4,400 
6. 10 cc. control solution + 0.5 ce. 75 percent, 930 4,340) 4596 
alcoholic extract wheat germ ce. 10 SOO | 4,452 


per cent glucose. | 


. 10 ce. control solution + 1 ce. 75 per cent 
alcoholic extract wheat germ. 


S. 10 cc. control solution + 1 ce. 75 per cent | 1,130) 1,185) 4,380) 4,285 
alcoholic extract wheat germ + 1 ec. 10) 1,240 4/190 
per cent glucose. | | 


We have sought to test the value of a procedure involving the 
addition of 1 drop of opalescent suspension of veast cells in water 
to several test-tubes, each containing 10 ec. of nutrient solu- 
tion, and then counting these cells in the Levy chamber before 


incubation. 
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Table XV illustrates one set of experiments in which fairly 
close agreement was obtained by this procedure, but the agree- 
ment is presumably due to the good fortune of selecting a series 
of cells all or nearly all of which were capable of development. 

In Table XVI are recorded the results of a series of trials 
designed to determine the effeet of various extracts on the rate of 
TABLED NIV. 


Count after 12 


Tube No. Orginal count. Control solution. | on Average. 
| cells | ce | cells cells 
| | 2 | 43 39 
| | 30 | 
| | | 
2 | 24 | 2.9 14 | 462.5 
| 461 | 
| | 
3 | 31 | 3.1 | 54 590 
OSH 
| | | 
| | 3.4 | 767 | 732.5 
| | HOS | 
14 
TABLE NV. 
Tube No. Count per 400 squares. | Count after 22 hrs. Average. 
of lis of Ils i cells 
2 174195 IS4 5 
3 


5 | 160 133 161 


development of veast. The volume of solution was kept con- 
stant by the addition of glucose solution or water. The mate- 
rials from which the extracts were prepared in these experiments 
had been subjected to heat under pressure in the presence of 
sodium bicarbonate as described in the methods of preparation 
of materials. In all cases these preparations had been tested 
with rats and found to be at least. practically free from the dietary 
factor water-soluble B. Notwithstanding the fact that they con- 
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tained so little of this substance as to be undemonstrable by 
experiments on the rat the extracts were still very effective in 
stimulating the growth of veast. These results suggest that 
although the addition of the antineuritic substance in minute 
amounts may have influenced the growth of yeast in these experi- 


TABLE XVI. 


No —_ after Average. 
1. % ce. control solution. 
1 “ 10 per cent glucose solution. 300 350 370 


2. S “ eontrol solution. 
2 glucose 380 345 
| 


3. S “™ eontrol solution. 
2 “ glucose a 320 340 330 
1 “ eighth extract wheat germ. | 


8S “ eontrol solution. | 
“ dextrose 1.750 1 1 ,680 
1 “ autoclaved wheat extract (first). 


5. S “ control solution. 
2 glucose 1 SSO 1,750 1,815 
0.5 “ first extract wheat germ. 
0.5 “ HO. 


6. S “ control solution. 1960 1 oo) 1,975 
2 “ glucose 
1 “ first extract wheat germ. 


S “ eontrol solution. 
2 “ glucose 1 2 O10 1,995 
1 “ rolled oats extract (made from 

rolled oats autoclaved with 2 per cent | 

NaHCQ,;). 


‘ec. control solution. | 
2 “ glucose ” 1,700 1,760 1 ,730 
1 “ beef extract (from beef steak auto- 

claved with 2 per cent NaHCO,). 


x 
¢ 
y 
on 
3 
{ 
ag 
— 
aly 
a 
ag 
4 
4 
ox 
€ 
> 
| 
a 


vr 


0. 
6. 


0.5 


. 


10. 


Ll. 


control solution. 


— 


G. de P. Souza and E. V. MeCollum 


TABLE XVII. 


LO per cent glucose solution. 


HO. 


control solution. 


glucose 


HO), 


control solution. 
glucose 


eighth extract wheat germ. 


control solution. 
glucose 
autoclaved wheat extract (first). 


control solution. 
glucose 
first extract wheat germ. 


control solution. 


glucose 
first extract wheat germ (alcohol). | 
H.O. 


control solution. 
glucose 
first extract wheat germ (aleohol). 


control solution. 
glucose “ | 
fifth extract wheat germ ‘aleohol). 


control solution. 
glucose ” 
extract rolled oats (fresh oats). 


control solution. 
glucose 
steak extract (alkalinized steak). 


control solution. | 
glucose 
third extract wheat germ (aleohol). | 


| No. of cells 
after 20 hrs. after 43 hrs 


146:5 
143 

130 


No. of cells 


9 
2 O10 


(‘ounts 
\verage 


695 


7320 732.4,180 


493). 


1,027 1,027 4,560 
| 14,940 


| | | 
880 880 2,230 , 
3407 


3 900. 


1,230) 


7900 
6751675 |5.020. ... 
5 
340 1.340 4.740 

420 

100°? 

170. 4.890)... 
56.5: L985 
1407 
O36 3.680 3 905 
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ments, this factor is so small as to make it practically certain 
that other added substances, as glucose and amino-acids, also 
served to influence the results in a marked way. 

Table XVII illustrates the results obtained in a series of experi- 
ments in which it was sought to estimate by the gas produced by 
the veast culture the extent of growth of the veast in several 


TABLE NVII. 


| No. of cells after 


20 hrs. 
1. 1 ee. control solution. 1230 12 
1,980 2,080 2 030 
1 “ autoclaved wheat extract. 
3. 10 control solution. 1,820 1,970 | 1 
05 “ digested meat (prepared from fresh | 
steak not autoclaved with alkali). 
4. 10 ec. control solution. OAS 200 2 124 
0.5 “ digested meat extract (prepared from | 
fresh steak not autoclaved with alkali). 
5. 10 ec. control solution. 2.412 1,940 176 
1 “ digested meat extract (prepared from 
fresh steak not autoclaved with alkali). 
6. 10 ce. control solution. 2? 020 2.380 2 200 
1 “ first extract wheat germ. 
7. 10 eontrol solution. 1.6800 1 SSO 1 .7S0 


.0.5 “ first extract wheat germ. 


types of modified nutrient medium. These results are so vari- 
able, when we compare the gas production with the number of 
veast. cells generated during the period of incubation, that the 
measurement of the amount of gas produced does not give prom- 
ise of value in this line of work. 

In Table XVIII is presented a series of observations on the 
effect of adding an amino-acid mixture obtained by the hydrolysis 
of beef muscle with sulfuric acid. 
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So far as our knowledge permits us to judge, these digested 
meat extracts could serve only as a source of amino-acids, since 
the treatment was sufficient to reduce the proteins practically to 
the amino-acid state, and, since muscle tissue is, even in the fresh 
condition, very poor in the antineuritic factor (water-soluble B), 
the same meat after hydrolysis with strong sulfuric acid would 
scarcely contain a trace of it. Yet these meat digests exerted a 
profound influence on the rate of development of yeast, approx- 
imately doubling the number of cells which were counted after 
20 hours incubation in Experiments 6 and 7, Table XVIII. It is 
again apparent that doubling the amount of the antineuritic 
substance derived from wheat germ extract does not exert a pro- 
portional stimulating effect on the growth of veast. 

The series of observations which we have presented above seem 
to us to form a conclusive demonstration that the use of yeast 
as a test organism for determining the presence or absence of 
the antineuritic dietary factor is complicated by so many dis- 
turbing factors as to make it of little if any value. Whenever 
extracts of natural foods are to be tested it is inevitable that 
food substances of one kind or another which greatly stimulate 
the growth of yeast must be added simultaneously with the 
unidentified dietary essential for which the test was designed. 
(ilucose and amino-acids effect such stimulation 

We do not desire to draw the deduction from the data here 
presented that the antineuritic substance is not necessary for the 
development of yeast, or that it does not stimulate the growth of 
veast, but the several modifications of the procedure originally 
described for the utilization of yeasts as a test for the antineu- 
ritie substance point so definitely to several difficulties in the way 
of making this a satisfactory test that it has seemed to us desir- 
able to present the results for the benefit of those who may be 
interested in this line of work. 
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HEMATO-RESPIRATORY FUNCTIONS. 


VI. THE ALTERATION OF THE CO, RATIO (H.CO,: NaHCO;) IN 
THE BLOOD DURING ELEVATION OF BODY TEMPERATURE. 


By HOWARD W. HAGGARD. 


(From the Physiological Laboratory of Yale University School of Medicine, 
New Haven.) 


(Received for publication, August 7, 1920.) 


Increase in temperature lowers the solubility coefficient of CO, 
in blood. It also increases the tension of water vapor in the 
lungs, and this tends to reduce the partial pressure of CO.. Both 
conditions act, therefore, to reduce the dissolved COs, and pre- 
sumably the HeoCOs;, in the arterial blood. On merely physico- 
chemical grounds we should, therefore, expect that increase in 
body temperature, whether from fever or from extrinsic causes, 
e.g. hot packs or baths, would depress respiration to a degree 
sufficient to allow the alveolar CO. tension to rise and thus count- 
eract the reduction in the solubilitv of COs. 

This, however, is not the case. On the contrary, rise of body 
temperature is accompanied by an augmentation of respiration 
and a fall in the alveolar CO. tension in excess of the decrease 
produced by the higher partial pressure of water vapor in the 
lungs. These physiological relations are to be seen in the follow- 
ing experiments. All of those performed 7n vivo were upon myself. 


Experiment 1.—Subjeet, normal, human, adult, male. Body tempera- 
ture was increased by immersion up to the chin in water at 43°C. for 20 
minutes. Oral temperatures taken. Alveolar air obtained by Henderson 
sampler (1). 


Oral . 
_ temperature. | Alveolar COz. 
| mm. 
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The increase of water vapor in the lungs from 46.65 mm. at 
37°C. to 54.87 mm. at 40°C., unless compensated in some way, 
would result in a fall of 0.5 mm. in COs alveolar tension, or 0.07 
per cent. The experimental findings here indicate a decrease in 
the dry gas percentage from the normal of 5.6 per cent to 4.9 
per cent at 40°C., a fall of 0.7 per cent or 4.9 mm. COs. 

Overbreathing of the amount thus indicated is not sufficient to 
effect in the brief period of such an experiment any considerable 
lowering of the available blood alkali, as expressed in the disso- 
ciation curve, although it would of course induce an immediate 
slight decrease of the alkali in use, as expressed by a shifting of 
the arterial point along the curve to the left. That the blood 
alkali is not sensibly lowered is to be seen in the following exper- 
iment. 


Experiment 2.—General procedure as in previous protocol. Blood sam- 
ples were drawn from the median basilie vein before and at the end of the 
period of immersion and were equilibrated at 37°C. with CO, at 40 mm. 
tension. 

20 minutes immersion at 43.2°C. 

combined 
_ by blood at 40 


| mm. tension, 
37°C 


Oral 


| 
temperature | Alveolar de. 


| mm, | vol. per cent 
| | | 
Normal resting........... ton a0 39.2 | 47 
After 20 min. immersion... . | 33.9 | 47 


Difference... | +3.8 | -—5.3 | 0 


The fall in alveolar CO. tension due to water vapor in this 
experiment would amount to 0.6 mm. An actual fall of 5.3 
mm. oecurred. This represents a decrease in dry CQO, from the 
normal of 5.5 per cent to 4.8 per cent. 

As indicated by the CQs-combining power at 40 mm. CQO, 
tension, 37°C., there was no absolute decrease in available blood 
alkali. 

Experiment 3.—Normal blood of the same person equilibrated at 35° and 


at 40°C. with 39.5 and 38.7 mm. CO,, respectively. Analysis and ealcula- 
tion showed the CQO, content, dissolved and combined COs, and CQ, ratio 


as follows: 
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content. — dissolved. | combined. CO: ratio. 
| 


rol. per cent | rol. per cent | vol. percent, percent 
At 35°C. and 359.5 mm. CO... 48 2 | 45.10 | 6.4 


Increase in body temperature results in a considerable fall in 
the alveolar COs, and, therefore, probably in the CO, dissolved 
in the arterial blood. This decrease, as is shown in Experiment 
2, is not compensated by a fall in the available alkali of the blood, 
for this remained constant. Unless some alteration in the CO,- 
carrving power of the blood occurs in response to change in 
temperature, a displacement to some new value in the balance 
between the free and combined COs, the COs ratio, of the arterial 
blood must oecur and, presumably, a change in Cy, result. 

That such a change does occur in the CO:-combining power of 
the blood but that it is of a magnitude insufficient to compensate 
the fall in dissolved CO., is shown in the following section. 


The Influence of Temperature Upon the COc-Carrying Power of 
Blood in Vitro. 


Christiansen, Douglas, and Haldane (2) cite one equilibration 
to illustrate the effect of temperature upon the CO,-combining 
power of defibrinated blood. Van Slyke, Stillman, and Cullen 
(3) have shown the extent of this change in plasma. The quan- 
titative relations for whole blood, however, have not been made 
clear. That temperature does influence to some extent the 
equilibrium between carbon dioxide and the buffer substances of 
the blood, independent of the effeet on carbon dioxide solubility, 
has been shown by L. J. Henderson (4). 

The greatest determining factor, however, in placing the level 
of alkali in use, must be the dissolved COs in relation to the 
dissociation curve. In order to test quantitatively the degree of 
response of alkali to the dissolved COs, dissociation curves were 
plotted from normal dog blood at temperatures of 17°C. or 
20° and 40°C. The curves so obtained were then compared at 
those points which represented like amounts of CO: in solution. 
Coincidence at these points would indicate a complete response 
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of the alkali to the dissolved COs independent of other effects of 
temperature. 

Normal blood from four dogs ((a), (b), (e), and (d)) was ox- 
alated and then equilibrated at 40°C. with COs at three tensions. 
A second portion of the same blood was then equilibrated at 
W7°C., or at 20°C., with COs at three tensions. 

The CO, retained by the blood after each equilibration minus 
the COs in solution is given in Table I. 


TAPLE I. 


Ten perature 17°C, Temperature 40°C. 
| Combined | Dissolved Combined — Dissolved 
COs COs (Cds | 
rrivn rol per ce nt vol per cer nt yrivri ral per ce nt rol. per ce nt 

22 .4 39 35 fo 21.2 23.01 | 1.39 
41.0 99.15 | 435 | 38 | 3.45 | 2.85 
74.6 6318 | OS | 

| | 
| | 

746 5.12 82 TOS he 4.63 

Temperature Pemperature 

(c) 16 3612 2400 1.00 
4008 DO 2S 30.45 | 2.50 

(al) 12 | 1 sO | OO 1 00 
oe | | «7s | we | 


S16 | 5O 


The curves from Bloods (a) and ()) are plotted in Fig. 1. The 
close coincidence of the curves at 17° and 40°C. at those points 
which represent like amounts of COs. in solution is apparent. 
The curves at 40°C. tend to run slightly lower than those at 
17°C, but hardly in excess of the error of the method. 

Rise in body temperature from all the aspects approached in 
this paper tends to displace to a new value the ratio of HeCOs;: 
NaHCO, in the blood. 
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In order adequately to compensate the fall in dissolved CO, 
the dissociation curve would need to be of such a shape that all 
values of alkali maintain a constant ratio with the dissolved COs. 
‘The curves are entirely too flat to allow this, and the Cy, is there- 
fore decreased. 

‘These observations tend to confirm the supposition that under 
increase in body temperature the COs» ratio is reduced by physio- 
logical, even more than by meechanieal, factors. 
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SUMMARY. 


Rise in body temperature lowers the alveolar COs tension and 
reduces the amount of COs» in solution in blood. 

No compensatory changes in the COQ.-combining power of the 
blood occurs. 

The alkali in use is not lowered in proportion to the decrease 
in dissolved CO». 
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The CO, ratio is therefore reduced and, unless there is some 
alteration in the dissociation constants of the blood, the Cy is 
presumably lowered (5). 

In vitro temperature affects the dissociation curve of blood 
solely by altering the solubility of CO. and concentration of HoCQs. 
The concentration of H,CO; which produces a certain amount 
of NaHCO, at 17° or 20°C. produces the same amount at 40°. 
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THE NUTRITIVE PROPERTIES OF MILK, WITH SPECIAL 
REFERENCE TO REPRODUCTION IN THE 
ALBINO RAT. 


By H. A. MATTILL ann RUTH EE. CONKLIN. 
(From the Department of Physiology, University of Rochester, Rochester, N.Y.) 


(Received for publieation, July 28, 1920.) 


vy of the various known and unknown 
constituents of milk has been tested out repeatedly on different 
types of experimental animals, particularly on the rat, usually by 
adding milk or one of its constituents to a basal ration deprived 
in whole or in part of the substance in question, less often by 
using milk as a basal ration and superimposing other substances 
upon it. It is unnecessary to review extensively the compen- 
dious literature on this subject since recent papers on particular 
phases contain abundant references. 


The nutritive efficiene, 


The relative value of the milk proteins is of a high order (1-3) although 
under certain conditions lactalbumin, supposedly the most complete of all 
the milk proteins, has appeared not to be so (4, 5). Milk sugar, long 
known to possess desirable characteristics not found in the other disac- 
charides, has been shown to be the carrier of water-soluble vitamine unless 
carefully purified (6,7) and a complementary relation of lactose to lactal- 
bumin has been suggested (5). Milk fat occupies its unique position by 
virtue of possessing fat-soluble vitamine (S, 9), whose nature and functions 
in the organism are still an unsolved problem (10), and whose origin and 
distribution in nature continue to oecupy the interest of a number of inves- 
tigators. As great a mystery surrounds the nature and function of the 
water-soluble vitamine of milk, first brought to light in the work of Hopkins 
(11) and used in the form of ‘protein-free milk"’ by Osborne and Mendel 
in a long series of investigations. The question as to its identity with the 
water-soluble vitamine from other sources, notably veast, was raised several 
years ago (12, 13) and has been renewed in a recent critical paper (14); evi- 
dence has also been presented to show that the water-soluble vitamine of 
milk may indeed be unique and different from that present in other food- 
stuffs (15). The antiscorbutie value of milk has been demonstrated (16) 
although this may sometimes be inconsiderable. The inorganic salts of 
milk are successfully used as a source of mineral requirement of the rat (17). 
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Incidental to and growing out of the above have been investigations as 
to the effect of heat, storage, and other factors on the various constituents, 
notably the proteins (13, 18), the fat-soluble (19-21), and antiscorbutie vita- 
mines (16, 22). A quantitative measure of these effects is necessary if we 
are to know the absolute requirements of the experimental animal and the 
adequacy of milk to meet them; for neither of these quantities is there as 
vet an absolute measure, at least not as regards the vitamines. Since it is 
probable that the amount of vitamines present in milk is dependent among 
other things on the amounts present in the feed of the animal giving the 
milk (23) and this in turn upon seasonal variations (22) and stage of matur- 
itv of the plant (24), we are obviously still far from a definite answer to 
these questions. 


As the first and sole nourishment of the young animal milk ts 
considered a perfect food and certainly no other single product of 
animal or vegetable life used for food so fully provides for the 
nutritive needs of growing (and adult) animals as does milk. 
Indeed many of these requirements were not recognized until 
it was discovered that the addition of milk or of its deriva- 
tives could correct faulty diet. After a young animal is weaned 
its nutritive demands are met by a variety of food materials 
among which, except in the case of man and his domestic ani- 
mals, milk is not found. ‘The new foods to which an animal is 
introduced after weaning are generally characterized by a lower 
protein content, a wider variety of mineral sources, and by the 
addition of a new type of material, roughage. The interesting 
question presents itself as to whether milk could continue to be 
an adequate food for the whole span of life or whether it is lack- 
ing in some factor which is necessary for the normal performance 
of physiological function and for the fulfillment of the normal 
expectancy; whether it possesses in too great abundance a factor 
which would prevent normal behavior either because of a con- 
sequent improper balance among the ingredients or through 
bringing about early cessation of function of a gland or organ. 
In the answer to this question might also be found some indica- 
tion of the variation in food requirements during the different 
periods or cyeles into which the life of an animal may be divided; 
any deterioration which milk might suffer in the process of evapo- 
ration or desiccation, if not made obvious during brief periods of 
experimentation, might thus be brought to light, under prolonged 
scrutiny. 
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Practically all our information on milk concerns itself with 
cow's milk and its derivatives; excepting the experiments on 
scurvy, the animals whose behavior forms the basis of the con- 
clusions drawn are mostly rats. In her comprehensive book on 
milk (25) Lane-Claypon devotes several chapters to the nutritive 
value of milk and the data then available from experiments on 
various species of animals with milks from the same and other 
species. All these investigations were of relatively short dura- 
tion, in very few of them was milk the sole food, and the con- 
ception of vitamines, then in its earliest infancy, had not vet 
modified the entire aspect of nutritive values. The difficulties 
of such animal experimentation are also pointed out with par- 
ticular emphasis on the dissimilarity of milks, the complete 
absence of information as to the composition of milk of some 
species, differences in the condition of young animals at birth, 
different rates of growth in different species, a varving rate of 
growth in the same species with the consequent changing de- 
mands of the organism, and the great factor of variability. 

The present investigation of which this is a preliminary report 
was begun to secure information on the food value of cow’s milk 
and its products from the usual type of laboratory animals, 
several of which have thus far been under observation. This 
paper includes only the first findings obtained from rats. 


»XPERIMENTAL, 


Young rats from our stock colony were placed on the experi- 
mental rations at the time of weaning, two in a cage and usually 
mated from different litters. Their average age at this time was 
25 days, and only three of the series were as old as 35 days. 
Their average weight was about 30 gm., and a few from small 
litters weighed as much as 40 or 50 em. The fresh milk used 
was Grade B raw and was placed in the cages each morning in 
amounts as indicated by the previous day’s consumption. Next 
morning the amount remaining, if any, was measured back. 
Usually this was very little and it was found sweet to the smell as 
often as sour, showing that contamination, while probably always 
present, was not extensive. The dry milk food' was renewed 


' Ambrosia and Klim were obtained from the Mammala Corporation 
and the Merrell-Soule Company, respectively. 
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every 2nd or 3rd day, and while scattering was common it was 
possible to secure a fair idea of food consumption especially when 
the amounts supplied closely approximated the requirement. 
Water was always available in inverted tubes. The animals 
were weighed twice a week until fairly grown, thereafter weekly. 

In Charts 1 and 2 are found the growth curves of males and 
females, respectively, on a diet of fresh cow’s milk with the 
‘rarious additions that were later made. It was somewhat sur- 
prising to find rats making such satisfactory initial growth on 
cow's milk considering the differences in composition and concen- 
tration between cow’s and rat’s milk (26). The later growth, 
however, was unsatisfactory both in males and females.  Be- 
tween the 50th and 100th day of life, especially in females, there 
was a decided retardation of growth, sometimes a considerable 
loss in weight, after which growth might continue but at a slower 
rate and on a much lower level. The animals on fresh milk failed 
to reproduce although there was satisfactory reproduction in 
animals from the same litters placed on stock rat food. The 
records of milk consumption are summarized in Tables [ and II. 
This summary does not include all the animals because through 
regrouping and remating the record of a given pair was neces- 
sarily closed. Only those figures are given, therefore, which 
cover a substantially unbroken period, beginning at the time of 
weaning when the animals were placed on the experimental 
ration. In general the food consumption runs somewhat parallel 
with the rate of growth and a comparison of the fresh and dry 
milk figures shows that the amount of liquid which had to be 
ingested in fresh milk tended to diminish the consumption of 
milk solids in that form. Most of the fresh milk rats did not 
always consume milk to their capacity judging from the larger 
amounts of which they disposed in some periods. Perhaps the 
factors of humidity and temperature had some effect but of 
these we have no record. For the peculiar behavior of Rats 
3025, 3026, 3015, and 3016 when they were regrouped and mated 
there seems no explanation. Food consumption fell appreciably 
after the mating, the rate of growth of the females was perma- 
nently slower, and the males, after a decline in weight for several 
weeks, renewed their growth somewhat but on a lower level. 
Of particular interest in this connection are the results recently 
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TABLE I. 
Food Intake of Rats on Fresh Milk. 

The food intake is given in terms of solids (one-eighth of the volume of 
milk consumed) and the figures represent the average daily ingestion of 
two rats over 10 day periods beginning at the time of weaning. Unless 
otherwise indicated the animals were mated. 


Nos. Nos. | Nos Nos Nos Nos Nos Nos 
3060, S082, 3O4S, sd025°, 30150", S027 3085, 
3061. 3063. 3049 3026 9 3016". 3041 30289 .° 3086.4 
i. 64 63 50 G4 
6.1 10.3 £93 a0 142 
74 | 132 | 11000 v0 9 
83 | 10.4 | 8.4 QS Ith 
74 1-002. 62 5 14 
Mated 
| Nes. | | | 
3025, 3015, | 
3016. 3026. | 
12.1 82 | 18 | 130 
10.2 0.2 | 80 | 13.2 | 
59 | 34; 6:9 10.6 10.5 | 13.7 
57 | 13.0 79 | 12.0 117 13.2 
se i 11.4 | 
40; 05] nS | 13.3 
04} 13 | 09 144 
| 8.8 11s 13.5 
95 | 12.0 12.5 133 
12.3 13.5 | 
| B21 | 15.3% 
| Ba i wa | 16.2 
| 1.6 10.4 
| 105 | 21.0§ 
24.0 
a0 


* Dry milk with water to equal fresh milk. 

+ Fresh milk coneentrated to half its volume at low temperature, 
t One-half the amount of water. 

§ No water. 
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reported by Sherman and his coworkers (27). On a bread and 
milk ration in which milk furnished one-fifth of the total calories 
voung rats made normal growth but the females usually failed 
to breed and no young were raised. When ground whole wheat 
replaced white bread or patent flour young were successfully 
suckled at the cost of considerable loss in weight of the mother 
and grew at less than normal rate. When the amount of milk 
was increased so as to supply two-fifths of the total calories and 
the rest by ground whole wheat, yvoung were suckled without 


TABLE Il. 

Food Intake of Rats on Dry Milk and Dry Milk Foods. 
The figures represent the average daily ingestion of two rats over 10 
day periods beginning at the time of weaning. The animals were mated 
unless otherwise indicated. Rat 3018 was alone. 


No | Nos. Nos. Nos Nos. Nos. 
30189". | 20190", | 3069, | 370, | 3056, 3064.7, | 3067, | 3068 
| 30203". | 3073 | 3074. 3057. | 3066". 3071 | 3072 
3.5(?)| 6.5(7)) 78 | 61 | 7.7 | 98 | 8.7 7:9 
59 | | 128 | 90 S 6 7.4 | 16.4 13.4 
61) 153 14.0 | 10.2 04 | 193 | 4 | 145 
65 38 | 140 9.7 7.7 15.7 | 15.0 15.0 
69 | M46 | 65 | 168 | 189 | 15.4 
6.4 | 2.2 3.0 | 165 19.2 16.7 
75 | | IS.7 19.0 
9.7 49 | | «18.0 19 4 
| | 


undue loss of weight on the part of the mother and showed a fully 
normal rate of growth. A preliminary inference from these 
results (which the authors did not make) that a ration in which 
milk supplied all the calories would show equally good or even 
better results is not justified by the behavior of our ‘animals, and 
it is evident that ground whole wheat supplied something which 
milk does not contain in adequate amounts if at all. In con- 
trast with these results is the experiment of McCollum (28), in 
which a pig taken at weaning was kept on a ration of cow’s milk 
for a period of 17 months, during which time the animal grew 
and seemed to be properly nourished. At 13 months she pro- 
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duced eight living and two dead pigs and successfully brought 
the young to an average weight of 17 pounds. Some additional 
iron was furnished by the drinking water and by the rusted parts 
of milk cans. 

In a search for the cause of the inadequacy of the fresh milk 
ration various additions were made. Since milk is not so rich in 
water-soluble vitamine (29) as the original experiments of Hop- 
kins (11) seem to indicate, and inasmuch as an inadequate amount 
of this substance has been shown to lead to infertility (30), a 
small amount (0.5 ec.) of yeast filtrate (after autolysis) was daily 
added to the milk fed to each of two pairs of animals (Nos. 3025, 
EA 3016, 3015, 3026). Yeast proteins were thus supplied in addition 
ie to vitamine. This supplement slightly increased the rate of 
growth in the males temporarily, and one of the females (No. 
3026) became pregnant. The size of the litter could not be deter- 
mined since only one (dead) and part of another were found. 
Be. Subsequent addition of 0.5 gm. of yeast to the daily ration of 
MF this pair was without permanent effect. The abundant supply 
of water-soluble vitamine in wheat embryo suggested its use as a 
supplement to milk and for these preliminary experiments the 
wheat embryo was merely ground and ether-extracted since the 


: i." fat is toxic for rats (10, 31), and in this powdered form | gm. per 

5 day was stirred into the milk supplied to Rats 3048 and 3049. 
E A Aside from a slight increase in food consumption and a temporary 
at improvement in the rate of growth of the female this addition 
Me has thus far not yielded any positive results. Among many 
BH ‘ other procedures to be tried in connection with the problem of 
om water-soluble vitamine is the addition to milk of further amounts 
ag of the same vitamine that it contains, and of preparations of the 
ea 4 vitamine from other sources containing as little as possible of 


Since milk has a low iron content, the addition of proportionate 
amounts of a solution of iron citrate’ was made in several cases, 
in Rats 3062 and 3063 from the very beginning. The male made 
: an excellent growth record for 120 days, losing thereafter; the 
is female became pregnant and cast a litter of six which were all 
v4 dead on the following day. Later she cast another litter of four 


other ingredients. 


70.5 ce. of a per cent solution per 100 ee, of milk. 
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which had disappeared by the next day. The growth of this 
pair was by far the best of any on raw milk and their milk con- 
sumption was generally somewhat above that of any others on 
raw milk. In certain of the animals as indicated in the charts 
additions of iron and of iron in conjunction with yeast were 
without effect. The addition of sodium either as chloride or 
citrate? and the supplving of casein fed separately were alike 
ineffective. The animals receiving a salt addition showed an 
especially low food intake and correspondingly poor growth. 

To throw further light on whether the concentration of nutri- 
ents in milk was too small to supply adequate food in the volume 
that a rat could consume, two animals, Nos. 3085 and 3086, were 
fed on fresh milk concentrated to half its volume by evaporation 
under diminished pressure below 50°C. The male made an 
exceptional growth but died after a very small loss in weight 
from causes which autopsy did not reveal. The growth of the 
female was not very different from that of those on ordinary 
milk, but although a male that had been on stock food was later 
mated with her no pregnancy resulted within 26 days. The food 
intake of these animals in milk solids was comparable to the 
intake of dry milk in other animals. 

The results obtained with dry milk are shown in Chart 3, and 
some of the food consumption records in Table II. Both males 
and females show a much more satisfactory growth than on fresh 
milk, the males being practically normal, the females somewhat 
below normal after about 75 days. None of the curves shows 
so pronounced a slowing of growth at 50 to 100 days as do those 
of the animals on fresh milk. The short period of decline in 
weight of Rats 3018 and 3019 with subsequent partial recovery 
accompanied a decrease in food consumption which in the case of 
No. 3019 at least can be ascribed to intestinal infection, with 
diarrhea. This condition was not observed with No. 3018, and 
No. 3036, which was mated with No. 3018 at that time, showed 
no decline in weight. These growth results are in partial agree- 
ment with earlier experience. Lane-Claypon (32) found that 
rats showed a slightly more rapid gain in weight on dry milk 
than upon boiled milk and these in turn a rather more rapid gain 


* 1 ce. of a 12.5 per cent solution per 100 ec. of milk. 
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than those fed on raw milk. However, bread was a part of the 
ration. Winfield (33) fed rats on dry milk exclusively and 
found that growth in both sexes fell below normal when one- 
half to two-thirds of the adult weight was reached and was only 
renewe . when a mixed dietary was put in place of dry milk. 
There are no data on reproduction. The considerably better 
growth performance of rats on dried milk as compared with 
fresh milk is primarily a result of their getting more food. The 
limitation which liquid milk placed on food consumption is shown 
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ee in the food record of Rats 3027 and 3028 (‘Table 1) which were 
Rai: fed dry milk moistened with seven times its weight of water so 
tf as to approximate the composition of fresh milk. While their 
- food intake in total solids was higher than that of animals on 
| fresh milk it increased when the amount of water was halved and 


almost doubled when the water was omitted entirely. There 
Was no reproduction among these rats on dry milk even though 
they were mated variously. 

The retardation of growth between 50 and 100 days in females 
on dry milk, and a similar behavior of both males and females on 
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fresh milk, indicate the possibility of a requirement for new as 
well as for additional food. Kats arrive at sexual maturity at 
about the age of 60 days; the thymus undergoes atrophy and the 
gonads especially in the female develop rapidly during the next 
50 days. If we employ the terminology of growth cycles as 
developed by Robertson, this age in the rat falls in the early 
portion of the third growth cycle, the beginning of which he has 
found for man (34) and for mice (35) to precede the age of pu- 
berty. ‘The transition from one cycle to another he considers a 
eritical period and in his own and other investigations various 
substances have been shown to influence certain types of growth 
differently. The results of milk feeding in rats, especially in the 


Rats 3064, 066,30546,3057 Ory sala 
4 mils 75, cottonseed of! 25. 
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female, suggest a qualitative as well as a quantitative inadequacy 
of milk to meet the demands of the third growth evele. It is not 
impossible that milk might contain substances inhibitory to 
growth in the third evele. 

Among the modifications of the dry milk ration which it was 
thought might throw some light on the question were those in- 
volving fat and fat-soluble vitamine. If the latter had been 
partially destroyed, sufficiently perhaps to affect reproduction, 
then the use of skim milk powder to which an equivalent amount 
of butter fat was added should be more satisfactory. The ani- 
mals on this ration, Nos. 3068 and 3072, Chart 4, did no better 
than others on dry whole milk, the female especially making very 
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poor growth. Several animals were also placed on a ration of dry 
skim milk 75 per cent and cotton-seed oil 25 per cent. Three 
males, Nos. 3057, 3064, and 3066, Chart 4, made satisfactory 
growth for 40 to 50 days, at which point all the curves ‘‘ break’’ 
and while two of them continued to grow slowly they all died in 
80 to 125 days. The record of the female, No. 3056, Chart 4, 
on this ration is very poor. The content of this ration in butter 
fat is about 1 per cent and from the figures of food intake of the 
two groups, Nos. 3064, 3066 and 3056, 3057, it is seen that none 
of the four animals ever obtained 0.1 gm. of butter fat per day, 
an amount on which Osborne and Mendel have recently reported 
(36) good growth and maintenance for about 240 days. It is 
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probable that these four animals succumbed because of lack of 
fat-soluble vitamine although there were never signs of xero- 
phthalmia (37) and aside from emaciation only roughened coats. 
Qn skim milk powder alone rats succumb quickly following little 
or no growth (Rats 3043, 3050, 3051, Chart 5), an effeet which, 
in the light of our results, could be ascribed in part at least tora 
deprivation of fat aside from a lack of fat-soluble vitamine. | 

The effect of an increase in the amount of fat and fat-soluble 
vitamine was also determined by feeding a ration containing dry 
milk 90 per cent and butter fat LO per cent. The animals on this 
ration, Nos. 3069 and 3073, Chart 5, made good growth for about 
SO days and the female cast a litter the size of which could not be 
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recorded, since only one (dead) was found; at autopsy the uterus 
showed eight placental scars but the mother’s weight had not 
been affected so far as the weekly weighings showed. Both 
curves broke after 70 to 90 days of this ration. Another animal, 
No. 3037, Chart 5, which had been transferred from skim milk 
powder to the same plus 25 per cent of cotton-seed oil with con- 
tinued very slow growth, was placed on whole milk powder plus 
10 per cent butter fat. Growth was resumed at a normal rate 
on the lower level but this animal died after about 100 days 
on this ration. 
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A further modification of the dry whole milk ration gave inter- 
esting results. This consisted of dry milk 55, starch 40, and 
butter fat 5 per cent, and upon it three rats (Nos. 3022, 3038, 
and 3044, Chart 6) made entirely satisfactory growth over the 
whole period of the experiment. The curves of the females do 
not show the marked break at 50 to 100 days which many on 
milk alone exhibit. One of the females cast two litters but only 
one of the young animals was found. The weight curve of the 
other suggests a litter but none was found. As this ration con- 
tains only 55 per cent of the protein, salts, and water-soluble 
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vitamine of dry milk and about 70 per cent of its fat content, it 
is somewhat analagous to the milk food* used by Osborne and 
Mendel (17) on which they reported entirely normal growth and 
reproduction. However, in their charts® it is seen that in the 
two animals discussed reproduction did not occur until relatively 
late, in one at about 400 days of age, close to menopause, in the 
other at 185 days of age, while breeding should normally begin at 
90 to 100 days. It is not stated whether these animals were 
mated throughout the period of observation. Without exception 
the females of our small colony on stock food have had their 
first litters when under 125 days of age and the curve of No. 3014, 
Chart 6, shows typical behavior in this respect. A food can 
hardly be considered entirely successful when reproduction is 
delaved beyond the normal age at which it should begin, but it is 
extremely interesting that animals are able to reproduce on a 
60 per cent dry milk ration with lard and starch when they do 
not do so on dry milk alone. In contrast with our less successful 
animals on 55 per cent milk powder with starch and butter fat 
are two others, Nos. 3058 and 3059, Chart 6, which were placed 
on a ration of 75 per cent dry milk and 25 per cent lactose. In 
this ration the proteins, salts, fats, and vitamines are more abun- 
dant than in the other, the principal difference being a substitu- 
tion of lactose for starch. But these rats (males) stopped grow- 
ing, one at 112 gm. the other at 143 gm., and this despite the fact 
that lactose occupies a unique position among carbohydrates, 
while starch is not believed to carry any vitamines (38) or to 
possess any peculiar virtues. Our data are as yet too limited 
even to justify hypothesis but the results of Osborne and Mendel 
just quoted as well as those of Sherman mentioned above point 
in the same direction. A tentative explanation would be that 
milk possesses an inhibitory agent for adolescent growth and 
reproduction, the effect of which is partially obviated by dilution 
with other foodstuffs and that these foodstuffs, in particular 
starch (and lard was also used by Osborne and Mendel), provide 
a requisite which milk does not possess. What these substances 
might be is a matter of conjecture, but starch contains phos- 
phorus in organic combination with a carbohydrate the nature of 
which is unknown (39, 40). 
‘Whole milk powder 60, starch 12, lard 28 per cent. 
> Osborne and Mendel (17), p. 320. 
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The possibility of transient or permanent infection of the 
lungs, alimentary tract, or other organs, with a resultant sub- 
normal efficiency, is a very real one especially when the food is 
inadequate. The susceptibility of rats to lung disease militates 
somewhat against their value as a laboratory animal, but in our 
experience the presence of this infection is not always evidenced 
by the animal’s capacity for growth and reproduction. Thus 
Rat 3014 whose curve is shown in Chart 6 had very bad lungs, 
which probably accounts for her low weight, though her repro- 
duction record is fairly satisfactory. Similar discrepancies are 
shown in Table III. According to McCollum® rats on a milk 
diet have foul cages, a fact not entirely borne out by our experi- 
ence, perhaps because our animals were on an exclusively milk 
diet from weaning. ‘The cages of animals on fresh milk required 
more frequent renewal than others but except in a few cases of 
diarrhea the feces were well formed and without abnormal odor. 

Several attempts have been made to determine whether the 
incapacity for reproduction on milk rations resides in the male or 
the female, but the introduction for limited periods of males or 
females from stock food into cages with animals on milk has not 
given any positive results. Rat 3033, Chart 6, may be cited. 
From stock food without previous mating she was transferred at 
the age of 125 days to a cage with a male on raw milk. After 11 
davs she was returned to a stock cage and mated. 30 days 
thereafter she cast a litter of six which she did not raise. Impreg- 
nation had evidently not been accomplished by the milk-fed 
male but after her return to the stock cage. A second litter 
followed immediately (after 3 weeks) which she raised success- 
fully, but the choice of this animal for a test was perhaps unfor- 
tunate because of some pathological condition evidenced by her 
subsequent decline in weight. Her ovaries were found to be 
below normal in weight (Table ITI). 

Many of the animals whose curves are given have not been con- 
tinued on experiment since it was desired to examine them post 
mortem. In Table III are given the weights of the sex glands 
together with brief autopsy findings. The weights of the thymus 
would also have been very desirable but it was not possible to 


* MeCollum (28), p. 76. 
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obtain them at this time. The sex glands were dissected and 
weighed as indicated by Donaldson (41), but without using a moist 
chamber, and the secretion of the male gonads was usually also 
examined under the microscope. With one exception the weights 
of the testes were within normal limits; sperm were always pres- 
ent and if the examination was made immediately after the death 
of the animal they were seen to be motile. The ovaries, on the 
other hand, showed marked variation and with one exception 
the ovary weights of the animals on milk rations were below 


normal, even 50 per cent and more. The conclusion seems 
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CHART 7. 


justified, therefore, that an exclusively milk ration fails to supply 
something which is specifically required for reproduction in the 
female, being at the same time adequate, in so far as sperm pro- 
duction goes, for the male. Further breeding trials must be 
made to determine the complete efficiency of the male. 

One further series of animals should be mentioned. ‘The 
observations in experiments being conducted on mice that an 
addition of yeast to a dry milk ration effected better reproduction 
than had been secured, as well as the partially successful result 
of veast filtrate addition to fresh milk in rats (Chart 2), suggested 
the addition of dry veast to whole milk powder. Rats 3067 
and 3071, Chart 7, to which this was fed (1 per cent yeast) are 
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the only animals of the milk-fed series that have thus far not only 
made satisfactory growth themselves but also have successfully 
raised young. Of the original litter of eight, five (died (?) and) 
were eaten by the parents, but the three remaining have grown 
fairly well on the same ration as the composite curve indicates. 
There has not been another litter although the parents are still 
mated. The growth of other rats on this ration is shown in 
Chart 7 and that of rats on whole milk powder containing 5 per 
cent yeast in Chart 8. The performance of these animals may 
show whether yeast really supplies something unique. The 
results are at least interesting in comparison with those of Os- 
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CHART 8. 


borne and Mendel (42) on four males fed yeast as their sole source 
of protein and water-soluble vitamine, which grew normally but 
remained infertile. 

A word should be said with reference to the factor of variabil- 
ity. Since all these experimental animals were taken from wean- 
ing, the usual period during which they are allowed to grow to a 
weight of 50 or 60 gm. before being placed on an experimental 
ration is omitted. In this period it is possible to detect sub- 
normality more readily than in the earlier stage before weaning. 
While we used no animals that were subnormal it is quite possible 
for the above reason that a larger number of animals will be 
required to establish these results than would otherwise be neces- 
sary. It is safe to say that variability is in general too little 
considered in this type of investigation. 
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SUMMARY. 


In these preliminary experiments voung rats taken at weaning 
were placed on various rations consisting primarily of cow’s milk, 
fresh and desiccated. On fresh milk rats made good initial 
growth but beginning between the 50th and LOOth day of life, 
especially in the females, there was a decided retardation. There 
was no reproduction. The addition of veast filtrate temporarily 
increased the rate of growth and one female became pregnant, 
but the litter was eaten. Addition of wheat embryo also in- 
creased the rate of growth with no further effect thus far. When 
milk was supplemented with iron citrate growth was much more 
satisfactory but reproduction was not suecessful. The growth 
failure was in part the result of the dilute form of the food, for on 
dry milk rats made much better growth and their average food 
consumption in milk solids was considerably greater than that of 
those fed on fresh milk. The females, however, remained some- 
what below normal after 75 days and again there was no repro- 
duction. Neither substitution of dry skim milk to which butter 
fat was added equivalent to that in dry whole milk nor the addi- 
tion of 10 per cent of butter fat to dry whole milk was successful. 

Qn a ration containing 55 per cent of dry whole milk, 40 per 
cent of starch, and 5 per cent of butter fat, both male and female 
rats made practically normal growth, and the females bore voung 
but did not raise them. <A similar ration has been used by other 
investigators who secured not only satisfactory growth but also 
reproduction, while other investigators have, like ourselves, not 
had suecess with whole dry milk alone. Dilution of dry milk 
by 25 per cent lactose resulted in poor growth and no reproduc- 
tion. The gonads of many of the animals were weighed; the 
testes were with one exception of normal weight and contained 
motile sperm; the ovaries on the other hand were much under 
normal weight, even 50 per cent and more. 

Possibly milk is lacking both quantitatively and qualitatively 
in substances necessary for successful adolescent growth and 
reproduction, especially in the female, and it may contain sub- 
stances that are inhibitory to the growth of an animal in the third 
or mature growth cycle. A ration containing dry milk and 1 per 
cent of veast is the only one on which normal growth and _ par- 
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tially suecessful reproduction were obtained, and the growth of 
rats on this ration and on one containing 5 per cent of yeast is 
thus far practically normal. Whether veast supplies something 
unique remains to be seen. The factor of variability necessitates 
data on oa larger number of animals before definite conclusions 
can be drawn. 
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THE EFFECT OF COOKING ON THE WATER-SOLUBLE 
VITAMINE IN CARROTS AND NAVY BEANS. 
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The increasing use of highly refined food products, in which 
the content of vitamine is low, makes correspondingly great 
the necessity of including, in the diet, foods which are especially 
rich in these indispensable factors. There is considerable evi- 
dence, derived from animal feeding experiments, to show that 
some of the common vegetables are valuable as sources of the 
water-soluble vitamine. Among those that have been found to 
contain relatively large amounts of this substance are cabbage,': * 
spinach,? potato,? navy bean,’ carrot,’ and onion, turnip, beet, 
and tomato.© But in most of these experiments the uncooked 
vegetables, fresh or dried, have been used. It has been found 
that in cooking there is a considerable loss of protein and other 
constituents by solution in the cooking water. The vitamine 
content may also be diminished to such an extent that the cooked 
and uncooked vegetables cannot be compared as sources of this 
substance. It is therefore desirable to obtain information con- 
cerning the effect of the various processes of preparation on this 
important constituent. In the experiments reported here the 
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Vitamine was determined in carrots and navy beans cooked by 
methods commonly used in the household. 

Quantitative determinations of the water-soluble vitamine in 
foods have been made either by means of growth experiments on 
animals or experiments for testing the antineuritic properties, as 
measured by the preventive or curative effect. Most investiga- 
tors consider that the water-soluble, growth-promoting vitamine 
and the antineuritic substance are identical. Results obtained 
from both methods of experimentation have been reported to 
show the effect of high temperatures on the water-soluble vita- 
minein food. These results, however, show considerable variance. 

Most of the evidence agrees that the vitamine is not destroved 
by heating for considerable periods of time at temperatures of 
100°C, or lower. MeCollum and Davis? found that wheat 
embrvo, milk whey, and crude Inctose from which the vitamine 
was not entirely removed could be heated for 1 hour at 15 pounds 
pressure (120°C.) without apparent loss of the growth-promoting 
property. MeCollum, Simmonds, and Pitz* detected little, if 
any, diminution when navy beans were heated in a moist condi- 
tion at 120°C, for 1} hours. 

Daniels and MeClurg® conclude from results obtained in feed- 
ing young rats that cooking cabbage and beans (navy and soy) 
did not destroy the water-soluble vitamine to any great degree. 
They cooked the beans in three wayvs--in water at 100°C., in 
dilute alkali at 100°, and at 120° for 15 to 20 minutes. How- 
ever, the diets fed contained for every 100 gm. of dry food the 
equivalents of 50 gm. of navy beans, or 55 gm. of soy beans, or 
250 gm. of fresh cabbage which undoubtedly supplied an excess 
of the growth-promoting vitamine. MeCollum, Simmonds, and 
Pitz* found that 25 gm. of navy beans for 100 gm. of dry food was 
sufficient to supply this dietary essential. The vitamine con- 
tent might have been reduced to 50 per cent of the original value 
and the loss not detected in these experiments. 

Chick and Hume,’ on the other hand, report that heating 
wheat germ at a mean temperature of 113°C. for 40 minutes 


7MeCollum, E. V., and Davis, M., J. Biol. Chem., 1915, xxiii, 247. 

’ Daniels, A. L., and MeClurg, N. 1., J. Brol. Chem., 1919, xxavii, 201. 

* Chick, H., and Hume, EF. M., Proc. Roy. Soc. London, Series B, 1917, 
xe, 


q 
¥ 
é 
+ 
i$ 
| 
> 
| 
=| 
| 
| 
| 
| 
th 
| 
— . 
* 
iby 
af 
a 
| 


Elizabeth W. Miller 161 


reduced its curative effect, when fed to polyneuritic pigeons, to 
one-half the original amount. Heating the wheat germ at IIS- 
124°C. for 2 hours caused such rapid destruction that its anti- 
neuritic activity was less than one-fourth that of the untreated 
material. There was no significant decrease by heating at LOOrC, 
for 2 hours. 

Davis'® finds that the ordinary pigeon ration of corn, WKaffir 
corn, barley, and split peas when heated for 2) hours at 120°C. 
no longer protects against polyneuritis. In fact the mixture 
treated thus is used as the beri-beri-producing ration. 

There is a similar lack of agreement in the evidence concern- 
ing the stability of the water-soluble vitamine to alkali. MeCol- 
lum and Simmonds report almost complete destruction when an 
extract of navy beans was made alkaline to 0.28 per cent with 
sodium hydroxide and heated under «a reflux for | hour. Daniels 
and MeClurg,*® on the contrary, found no apparent loss when an 
alkaline water extract of beans was heated under the same 
conditions. However, the material used by MeCollum was 
extracted from the beans with alcohol, after a preliminary extrac- 
tion with ether. There is evidence which indicates that the 
Vitamine exists naturally in some protective combination whieh 
is broken up by the treatment with ether and extraction with 
aleohol.? 

Osborne, Wakeman, and Ferry digested brewery yeast with 
ten times its weight of O.1 N sodium hydroxide solution for 213 
hours and then heated it on the water bath for 2 hours.  Aiter 
this treatment it still produced as prompt recovery when ted to 
rats that had begun to lose weight on a diet practically vitamuine- 
free as an equivalent amount of untreated yeast. They con- 
clude that the water-soluble vitamine is more stable to alkah 
than has usually been supposed. But in this ease also the veast 
was not subjected to extraction with ether before heating with 


the alkah. 


'° Davis, M., J. Jlome 1920, xii, 206. 

MeCollum, EF. V., and Simmonds, N., J. Biol. Chem... VOUS, xxxiti, 55. 

Williams, R. J. Brol. Chem... xxxviit, 465. 

Osborne, T. B., Wakeman, A. J., and Ferry, BE. L.. J. Biol. Chem., 
XxXNIX, SO. 
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A much simpler and more delicate method for the quantitative 
determination of the water-soluble vitamine has been recently 
suggested by Williams.'? He fgund that yeast cells require for 
their growth a substance which he concludes from evidence he 
has obtained is identical with the substance which in’ animal 
nutrition prevents polyneuritis. He showed that the rate of 
reproduction of a single veast cell paralleled, within limits, the 
concentration of the vitamine which was added to the medium 
in which the veast was grown. Bachmann! also found that 
certain veasts would not ferment unless some substance rich in 
water-soluble vitamine was added to a medium containing imor- 
ganic salts and sugar. She also suggested that such veast might 
be used to determine quantitatively the amounts of vitamine in 
various substances, 

Since there is such apparent disagreement the results 
reported by different investigators as to the effect on the vitamine 
content of subjecting foods to ordinary cooking processes, it 
seemed advisable to carry out experiments using the veast 
method. Two vegetables, carrots and navy beans, were cooked 
by the methods most commonly used and the vitamine in the 
cooked vegetable and in the cooking water was determined 
separately. Carrots were cooked at 100°C. for 30 minutes and 
canned at 10 pounds pressure for 45 minutes. For comparison 
the vitamine content of the raw earrots was also found. Since 
dried legumes require a longer cooking period than other vege- 
tables. experiments were carried out with navy beans. The 
beans were cooked by three methods: in distilled water at LOOPC, 
for 1} hours, in 0.5 per cent sodium bicarbonate solution for | 
hour and minutes, and in distilled water at 120° for 30 minutes, 


EXPERIMENTAL. 


Method of Determining the Vitamine. quantitative method 
of determining the amount of vitamine in a solution was per- 
fected by Williams! and Swoboda.'’? The average growth of 
single yeast cells, when different volumes of a vitamine solution 
were added to the medium in which the veast was grown, was 


4 Bachmann, F. M., J. Biol. Chem... 1919, xxxix, 255. 
Swoboda, F. W., unpublished experiment. 
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found to have a definite quantitative relation to the amount of 
vitumine added. The best comparative results were obtained 
when the growth was counted at the end of IS hours. When no 
Vitamine was added to the medium an average growth of four to 
eight cells was obtained from a single cell. Since this method 
has been given in detail by Williams" and Swoboda’ it will be 
described only brietiv here. 

The medium used for the growth of the veust contained the 
following substances dissolved in 1 liter of redistilled water. 

20> gm. of sucrose (Kahlbaum). 

(NH (Merck). 
KH.PO, (Merck). 
asparagine (Kahlbaum). 
025" CaCl, (Central Scientific). 
O25" MgSO. (Baker). 


— tS ww 


' 


25 ce. portions of this solution were measured into flasks and 
autoclaved at 10° pounds pressure. After cooling, 3 and 5 ce. 
quantities of the solution to be tested were added to the medium 
and when necessary redistilled water to make up the volume to 
30 ce. Duplicate solutions were prepared in each case and 
blanks run for controls. Finally 1 ce. of a suspension of I leisch- 
mann’s yeast in redistifled water was added to each solution. 
This suspension was made by shaking a piece of veast about the 
size of a small grain of wheat in 30 ec. of water. Hanging drops 
were then made from each solution with a sterile pen. 

The slides were examined immediately to count the single 
cells. Only those drops which contained three or less than three 
single cells were considered. The slides were then put into an 
incubator kept at 30°C. A second reading was made at the end 
of 6 hours to verify the first record and to detect any cells which 
did not grow. Finally a count was made of the cells in each drop 
at the end of IS hours. 

Pr paration of Vitamine Solution from the Vegetabli s. —In using 
the yeast method the vitamine must be in solution. It was 
necessary therefore to extract the vitamine from the vegetable 
quantitatively. Dixon and Atkins'® found that the plant juices 

Dixon, H. H., and Atkins, W. R. G., Se. Proe. Roy. Dublin Soe., 


1912-13, xiii, 422. Gortner, R. A., Lawrence, J. V., and Harris, J. A., 
Biochem. Buall., VOW, v, 189. 
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could be removed from the tissue most effectively by freezing the 
material and then pressing. This method was adopted for 
obtaining the juice from raw carrots. To make certain that 
freezing has no effect on the vitamine a veast extract of known 


TABLE I. 
Effect of Freezing on the Vitamine. 


1A verage of 
Quantity po Maaxi- Mini- duplhieate 
added growing mum as determi- 


nations 


Before freezing......... 3 20) 170 40 | 126 

3 IS 1902 30 142 
After 3 14 SO) 12S 

| 3 20 200) 130 


TABLE If. 
Lack of Adsorption of Vitamine by Berkefeld Filter. 


added. mum. mum. | Average.) determi- 
nations. 
Gee 
Dilute solution. 
Filtered....... 3 25 25 35 
Concentrated solution. 
Uniitered........... 5 16 350 130 
IS 112 | 215 
5 14 400) 120 | 212 | #213 


activity was frozen and kept at —7°C. for 2 weeks. The results 
given in Table I show that there was no loss In activity caused 
by this treatment. 

It is also necessary that the vitamine solution should be sterile 
since Other organisms introduced into the medium interfere with 
the growth of the veast. To avoid sterilization by heat the vita- 
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mine solutions prepared from the vegetables were run througha 
Berkefeld filter. Tests were made with yeast extracts of different 
concentrations which had previously been sterilized by autoeclav- 
ing to find if any of the vitamine was adsorbed by the filter. 
The results given in Table IL show that there was no loss of the 
active substance by this treatment. 

Preparation of Carrots.--Carrots were purchased from the 
market in the fall. They were mature but fresh and still retained 
some of the green stems. In seraping off the skin, care was taken 
to remove as little of the vegetable as possible. To obtain unt- 
form samples for the separate experiments the carrots were cut 
lengthwise into thirds. One third of each carrot was then used 
as described below for the determination of vitamine in raw 
earrots, another third was cooked at 100°C... and the other por- 
tion was canned at LO pounds pressure. 

Krtraction of Juice from Uncooked Carrots. The carrots were 
ground in a meat chopper, packed in a metal evlinder, and frozen 
at —7°C. The selid block of vegetable was then shaved to a fine 
snow ins hasher. After thorough mixing, two portions 
of this finely divided material were immediately weighed out for 
determination of moisture. A third portion to be used for the 
determination of vitamine was put into a tineture press and the 
juice expressed. In order to remove the vitamine from the 
vegetable quantitatively, the dry residue was covered with 
water, allowed to stand 15 minutes, and again pressed. This was 
repeated six times when the extraction proved to be complete. 
The fifth extract when tested gave an average growth of only 
three cells per gram of the original fresh carrot. A sixth extrac- 
tion was made to assure complete removal of the vitamine. 

The combined filtrate and washings from 45.5 gm. of carrots 
were diluted to 2 liters, filtered through a Berkefeld filter, and used 
for the determination of vitamine. It was necessary to dilute 
the solution sufficiently to keep the number of veast cells pro- 
duced in a single colony within a range that could be counted. 
When the growth was heavy a micrometer disk was used to aid 
in counting. The colonies sometimes grew in three dimensions. 
It was necessary then to make an estimation of the number of 
cells, 


7 WKossel, A., Z. physiol. Chem., 1901, xxxiii, 5. 
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Carrots Cooked at 100°C. A second portion of the fresh carrots 
was cut into 4} inch cubes, and 200 gm. were weighed out and 
cooked in distilled water for 30 minutes. The cooking water 
was drained off and diluted to 1 liter. The cooked carrots were 
mashed in a mortar and the juice was obtained by pressing as in 
the ease of the frozen carrots. The juice and washings from 
the cooked carrots were diluted to 6 liters, 

Canned Carrots. 326 gm. of the same lot of carrots were 
diced and packed in a pint jar. Boiling water was added to fill 
the jar and the vegetable was then subjected to LO pounds pres- 
sure for 45 minutes. The water in the can was drained off and 
diluted to 3 liters. The entire 326 gm. were too bulky to handle 
conveniently in the press, so, after mashing the vegetable and 
mixing, 79 gm. (the equivalent of 74 gm. of raw carrots) were 
weighed out. The juice from this amount was expressed and 
diluted to 3 liters. 

Navy Beans Cooked at 100°C. 30 gm. of navy beans were 
cooked in 150 ee. of distilled water for 13 hours. The cooking 
water was diluted to 1,200 ce. It was found more difficult to 
remove the vitamine quantitatively from the beans than from 
the carrots. For each extraction the bean pulp was covered with 
water and warmed gently for at least | hour before pressing. 
Repeating this seven times finally extracted all the vitamine. 
The juice and washings from the 30 gm. of beans were diluted 
to 1,200 ce. 

Navy Beans Cooked in Dilute Allrali-- 30 gm. of navy beans 
were cooked in 120 ec. of 0.5 per cent sodium bicarbonate solu- 
tion for | hour and 10 minutes. The excess of alkali in’ the 
cooking water was neutralized to phenolphthalein with O.1 ~ 
phosphoric acid. It took just 38.4 ec. of acid for the entire 1,200 
ec. of solution. The extract from the beans cooked in the bicar- 
bonate solution was already acid to phenolphthalein. Most of 
the alkali was therefore neutralized by the natural acids of the 
vegetable. 

Navy Beans Cooked at 120°C.—-30 gm. of a new lot of beans 
were cooked in 150 ce. of distilled water under 15 pounds pres- 
sure for 30 minutes. These beans were very soft and consider- 
ably broken. This accounts for the fact that in this case 70 
per cent of the vitamine was found in the cooking water. 
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For comparison 30 gm. of this same lot of beans were cooked 
at 100°C. for 14 hours. The cooking water and the extract of 
the vegetable were in each case made up to 1,200 ce. 


Discussion of the Method. 


It will be seen by consulting the tables that the maximum and 
minimum growth from single cells in a given experiment shows 
considerable variation. However, the majority of the colonies 
were close to the average so that by inspection of the results an 
estimate could be made that was close to the actual average. 
lor example, a slide in which the maximum growth was 96, the 
minimum 10, and the average 42, 17 out of the 26 colomies had 
from 35 to 50 cells. 

It is not possible always to account for the unusually high or 
low values. Occasionally large, somewhat transparent cells 
were found which did not grow so vigorously as the smaller ones. 
When some of the cells in a drop died and became disintegrated 
the growth of the remaining cells was inhibited to some extent. 
There is also the possibility of minute particles of toxie material 
on the cover-slip which might check the growth. Merest traces 
of cleaning solution left on the cover-slip had an exceedingly 
toxic effect. 

When proper precautions were taken, however, and when 
averages were made of a large number of colonies, the results 
showed a definite quantitative relation between the amount of 
vitamine added and the growth obtained. In the later work two 
slides were prepared from each solution making a total of 144 
hanging drops for each concentration. 

To illustrate how well the results check, it was found that when 
3 ce. of a given vitamine solution were added to the medium the 
average growth from 74 colonies was S86; the average growth from 
137 colonies for 5 ce. of the same solution was 136.3. Subtract- 
ing the blank which was 6.7 cells, the ratio of 79.3 to 129.6 is 3 
to 4.9 instead of 3 to 5. 

Two determinations were made on separate samples of raw 
‘arrots and of navy beans cooked at 100°C. The results for the 
‘arrots were 516 cells and 552 cells respectively, per gram of the 
fresh material, and for the beans 2,034 cells and 2,116 cells per 
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gram. Because such concordant results can be obtained this 
method is of value for quantitative as well as qualitative tests. 
Its use requires much less time and labor than do the feeding 
experiments ordinarily used. 


DISCUSSION, 


The data given in Tables IIT and IV show that both carrots 
and navy beans are rich in water-soluble vitamine. The value 
obtained for dry yeast (Fleischmann’s, starch-free) which is very 
high in water-soluble vitamine is 28,000 cells per gram. Carrots, 
dry weight, have a value about one-sixth as great and navy 
beans about one-twelfth. Osborne and Mendel found that. it 
required about five times as much dried spinach to produce 
satisfactory growth in voung rats as it did of dried brewery 
veast. Carrots, then, compare favorably with spinach as a 
source of water-soluble vitamine since brewery veast contains 
less of this constituent than the pure Fleischmann’s veast. These 
results also concord with those previously reported for carrots by 
Sugiura and Benedict and by Denton and Kohman?® and for navy 
beans by MeCollum, Simmonds, and Pitz.4 It also furnishes 
additional evidence as to the identity of the water-soluble vita- 
mine and the veast growth-stimulating substance. 

(‘ooking carrots at LOOPC. for 30 minutes caused no loss of the 
water-soluble vitamine. In the ease of beans no comparison 
was made with the uncooked vegetable, but it is probable that 
there is no significant loss even in the longer period of cooking. 

The beans cooked at the higher temperature, 120°C. for 30 
minutes, showed a decided decrease in activity, a loss of 40.6 
per cent. This agrees with the results of Chiek and Hume® and 
of Davis.!? There was probably a maxtmum loss in this experi- 
ment. It would take only a short time for the entire mass to 
become heated because of the small bulk. The beans were 
therefore subjected to the high temperature for almost the full 
period of heating. ‘Then too, a very large proportion of the 
Vitamine, 70 per cent, was in the cooking water due to the fact 
that the beans were overcooked and somewhat broken. The 
Vitamine is probably less stable in solution than when it is 
retained in the vegetable tissue. An extract of beans heated at 
115°C. for 10 minutes showed a loss of 24.4 per cent of the active 
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(Juant ity 
added. | ing. 


Icxtract from 45.5 gm. of fresh raw carrots diluted to 2 liters. 


ec. 


None. 


None. 


kixtraet from 74 gm. of canned carrots 


ol 
24 
2h 
19 
2b 


26 


29 
| 20 

13 


24 


Cooking water from 200 gm. of carrots diluted to 1 liter. 


Maxi- 


17 
14 
101 
160 


7 
H2 
59 


100 


TABLE ITI. 


imum. 


Average of | 
duplicate | 
determi- 
nations. 


Average 
| 


A. Raw carrots. 


B. Cooked earrots. 
Iextraet from 200 gm. of cooked carrots 


3 
126 
sO 


25 


165 


30 
20 


| 41.8; 42.9 
44.1) 
| 62.2! 64.8 


| 67.4 | 


4.6 
3.0 4.1 
23.9 
295 24 
HOT WT 


OS 
75 5 
9 


0 


(‘anned carrots. 


7.0 
7.8 7.4 
32.5 34.6 
S14 
54 


Water from 326 gm. of canned carrots 


40 
48 


None 21 12 
3 26 0) 
255 
23 HOO) 
450) 

Total for eooked earrots........ 

Nom oe 12 
26 
3 21 76 
3 24 50 
IS 
5 14 104 
105 
3 25 150 
250 


65 7 
716 OS 6 
133.2 133.2 


160 


i 
508 | 516 | 4,558 
diluted to 6 liters. , 
oy 
| 
| 279 | 256 | 2,261 4 


280 
25S 2,428 
diluted to 3 liters. 
367 
378 
diluted to 3 liters. 
ISS 
233 
5,159 : 


No. of cells for 1 gm. of original 
material, corrected for blank. 


| | weight. 
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TABLE IV. 


ii | No. of cells for 
AVeT- gm of original 
age of | material, cor- 

Aver- | dupli-. 

rected for blank. 


| No. of | 


— 


Quantity added. cells Maxi- | Mini- 
| grow- | mum. > mum. age. cate de- 
| ing. | | termi- | 
| nations. | Aver- 


A. Beans cooked at 100°C. 


None. 32 


~ 


Extract from 30 gm. of | | | | 
beans. | | | | 


a 

~~ 
— 
-_ 
we 
© 
— 


or Ge ¢ 
tS to 
== 
~ 


to 
= 
—— 
= 


Cooking water. 


1225 1205 917) 902 


B. Beans cooked at 100°C. in 0.5 per cent NaHCO, solution. 


None. 15 10 2 6.6 
39 2 5.2 5.9 


kxtract from 30 gm. of 
beans. 
3 38 108 | 13 | 49.6 
3 47 120 21 | 53.0, 51.3) 605 
5 27 160 32 95.0. 
5 34 160 919 GSS 


= 

he 
wt 
bo 


¥ is : 
OS6 
| 721 
3 115 20 70.8 | 
3 12 40 74.1 72.4 888 
24 200 60 118.5 
‘ 
| (ooking water. 
3 10 45.6 
| 49 7 46.6 PA? 
5 24 112 40) 70.4 
i 
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No. of cells for 


| | Aver~ ‘1 gm. of original 
| Maxi-  Mini- | Aver- material, cor 
Quantity added. | grow- | mum. mum. | age. |eate for 
| ing. | | 
| nations.  Aver- 
| | «age. 
(. Beans cooked at 100°C, Lot IT. 
None. 20 |; 18 | 
Extract from 30 gm. of | | | 
beans. | | 
3 23 150} 28 | 86.1) | | 
3 «160 | 55 | 99.4, 92.7) 1,146; 
5 87 320) 30 | 133.4 | | 
5 | 320 26 134.8 134.1) 1,019. 1,082 
Cooking water. | | | 
3 30 | 36 | 74.0 
| | 
3 | & 145; 18 | 80.6, 77.3) 941 
5 | t | 
5 270 129.3 127.3 964 952 
D. Beans cooked at 15 Ibs. pressure for 45 min. 
None. 42 {| 2] 6.8 
IS 9/ 2 5.0 5.7 
Extract from 30 gm. of | 
beans. 
3 OS 71; 146 | 33.8 
3 67 | 18 | 32.8 33.4 368 
5 7: 85 10 | 48.2 
5 36 | 23 | 47.2; 47.5) 334) 351 
Cooking water. | | 
3 27 118 | 30 | 69.8 
3 25 | 170; 20 | 66.0 67.9 829 
5 21 | 240; 33 | 117.5) | 
5 20 | 208 | 52 | 115.1 116.3, 884 856 
cent 
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The canned carrots heated at 115°C. for 45 minutes showed no 


loss of vitamine. The results indicate an apparent increase. 
r 4 This is doubtless due to experimental error. The entire 3826 gm. 
i a was not used for extracting the juice. A small portion, 74 gm., was 
as. weighed out after the carrots had been mashed in the mortar. 
Fe There was a great deal of juice and it is possible that im remov- 
e ing the sample an excess of the liquid was taken. The results 


obtained from the one slide with 5 ec. of cooking water give an 
* average growth per gram of fresh vegetable that is 24 per cent 
i higher than the average growth per gram obtained with the 3 ce. 
ts quantities. Since the results for the 3 ec. quantities check very 
: closely, they are undoubtedly the more accurate. Tf only these 
averages are considered the total growth per gram of fresh minte- 


ia rial is S61 and for dry weight 4,955. 
:- That there should be no destruction of vitamine under the con- 
by ditions of this experiment is to be expected. “The carrots were 


packed tightly in the can and there was relatively little water 
used, about 100 ce. It takes considerable time for heat to pene- 
trate such a mass so that the vegetable could not have been sub- 
jected to the high temperature for long. Less of the vitamine 


water used. In every case except the canned carrots and auto- 
claved beans it is about half the total. With the beans cooked 
at 120°C... 70 per cent of the vitamine was extracted in the 
cooking water, and, with the canned earrots, 36 per cent of the 
total vitamine was present in the water. This emphasizes again 
the importance of utilizing the water in which vegetables are 
cooked, 


“eh 


i was in solution and it may be that the greater acidity of the 

carrots inhibited the destructive action of autoclaving. 

4 By cooking in 0.5 per cent sodium bicarbonate solution 37.5 
re per cent of the vitamine of the beans was lost. This concentra- 
+a a tion is not more alkaline than is frequently used in cooking dried 
legumes. While the destruction of vitamine is by tenns 
A. complete it is still worth considering. It is interesting to note 
ety. that both autoclaving and alkalies seem to have a destructive 
ae effect on the vitamine, just as in the treatment of proteins, 
cae An important faet which was also noted by Damiels and 
ae MeClurg® is that so large a proportion of the vitamune is found 
it in the cooking water. This varies, of course, with the amount of 
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SUMMARY. 


1. The veast method used for the quantitative determination 
of the vitamine content of vegetables has vielded good results 
when averages were taken of a large number of colonies. 

2. Cooking carrots at LOO°C. for 30 minutes caused no reduc- 
tion in the vitamine. Neither was there any destruction when 
carrots were packed tightly in a jar and heated at 115°C. for 
minutes, 

3. Cooking navy beans at 120°C. for 30 minutes decreased 
the vitamine content 40.6 per cent. In this case the beans were 
somewhat overcooked. 

4. Cooking navy beans in 0.5 per cent sodium bicarbonate 
solution for 1 hour and 10 minutes caused a loss of 37.5 per cent 
of the vitamine, 

5. A large proportion of the vitamine, from 36 per cent to 70 
per cent, was present in the cooking water. 


In conclusion IT wish to express to Professor F.C. Koch my 
sincere appreciation of his generosity in giving helpful sugges- 
tions and providing equipment, and to Mr. F. K. Swoboda for 
instruction in the use of the yeast method. 
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WATER-SOLUBLE B IN CABBAGE AND ONION. 


By BERTHA hk. WHIPPLE. 


(From the Department of Home Economics, University of Chicago, Chicago.) 


(Received for publication, August 2, 1920.) 


Through the experiments reported in this paper, it was hoped 
to determine the effect of cooking on the water-soluble B content 
of vegetables and to express that effect in a definite quantitative 
wav. Although this latter has not been possible, some significant 
results have been reached. 

Cabbage was used for most of the work, because it is eaten both 
raw and cooked, and because of its common use among the poor, 
where it often furnishes one of their best sources of all three 
vitamines, 


Method. 


The method used was the veast growth method as developed by 
Dr. Roger J. Williams in the Laboratory of Physiological Chemis- 
try of the University of Chicago. In brief, the method consists in 
examining microscopically hanging drops containing single yeast 
cells in either a control solution or a solution containing also the 
substance to be tested for water-soluble B. The number of cells 
into which the single cells have multiplied in a certain number of 
hours indicates the presence or absence of the vitamines. 

Basal Solution.—-The basal solution or control was the same 
as that used by Miller (1). The control was made up into por- 
tions of 25 ec. and these were sterilized for 10 minutes at 15 
pounds pressure. ‘They were then kept at room temperature until 
used. 

Sterilization.—TVhe solutions to be tested for water-soluble B 
were made sterile by the aleohol with which the vitamine had been 
extracted. That 50 per cent aleohol sterilized the solution was 
proved in our laboratory since there was no bacterial growth even 
when the plates were made from a solution which had stood for 3 
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days. Ordinarily the solutions were tested immediately after 
being made, but if held over for several days they were kept in 
the refrigerator. 

To secure as nearly sterile conditions as possible, the isolation 
of the veast cells, the seeding of the yeast, and the making of the 
slides were performed in a glass box which was spraved every few 
days with aleohol and opened as little as possible to allow work. 

Yeast.—The yeast used was the ordinary bakers’ veast (Fleiseh- 
mann’s). It was procured from a local store three times a week 
and used on 2 days only. Meanwhile it was kept in the refrigera- 
tor. It was unwrapped only inside the glass box. 

At the time of the experiment, the basal solution, the vitamine 
solution, and the veast were taken to the glass box, and the work 
was performed inside it as follows: 

A tiny speck of veast was removed with a sterile steel pen and 
suspended in a test-tube containing 10 cc. of sterile water. The 
suspension was made uniform by blowing into it through a sterile 
1 cc. pipette attached to a sterile rubber tube containing a cotton 
plug. 1 ce. of this veast suspension was then added by the pi- 
pette to the basal solution made up to 30 ece., with sterile water if 
used as a control, or with the vitamine solution and water to the 
same volume. 

Making of Slides.—As soon as the yeast was added the solu- 
tion was gently shaken, a sterile pen dipped into it, and 25 very 
minute drops were made on a cover-slip. These were tnime- 
diately inverted on hollow slides, and sealed with vaseline. In 
order to make the drops adhere to the cover-slips, the slips, after 
being thoroughly cleaned with cleaning solution and distilled water, 
had been placed in a mixture of benzene and vaseline (1 drop otf 
vaseline to 200 ce. of benzene). They were then wiped with a 
sterile cloth and dried in the oven before using. ‘Thus a film was 
left on the slips so that the drops adhered. Two slides at least 
were made from each solution. The drops were made minute in 
order that the entire drop might be in the field of vision at one 
time (with low power), and also to make it more possible to secure 
drops with only one or two veast cells. It was impossible to get 
a suspension in which this was always true but in almost every 
slide there were at least 8 drops which contained the right number 
of cells. Not more than six slides were made from one suspension. 
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Reading of Slides.—When all the slides were made they were 
examined under the low power of the microscope, and the con- 
tents of each drop that contained one or two cells recorded on 
squared paper, with the relative position of the cells noted, and 
sometimes the size of the cells also. It was often difficult to ree- 
ognize cells at this first reading even when the high power was 
used. After examination the slides were incubated at 30°C. in 
an clectric oven for 1S hours. 

Thev were taken out after 5 or 6 hours and again examined as 
a check on the first reading. Sometimes what had seemed a single 
cell at first had grown into such a large colony or such an odd 
shaped one that it was considered to have grown from a double 
cell or from the union of two single cells, and was therefore dis- 
‘carded. Sometimes new cells or small colonies were discovered, 
often near the outer edge of the drop. Usually the single cells 
had budded or grown to groups of three or four. Occasionally 
some showed no growth, and sometimes a bit of dirt had been 
mistaken for a cell. Sometimes the presence of wild yeast was 
noted at this point. 

At the end of 18 hours the final record was taken. Here 
much judgment was necessary. A single colony or two colonies 
when their sources could be traced from the beginning gave no 
difficulty. But when the colonies had broken up into several or 
changed their position it was hard to feel certain of their source. 
After seeing two small groups detach themselves from a large one, 
float off to another part of the drop, and form a new colony nor- 
mal in appearance, it was felt that not much reliance could be put 
on the reading in any one drop. Therefore drops showing any 
unusual appearance were discarded. Sometimes the groups were 
so large and had grown so much in depth that they could not be 
counted even under the high power. If they could not be esti- 
mated within ten or twenty cells they were discarded. This ex- 
tremely large growth occurred more often when the single cell in 
the beginning had been very small, perhaps young, and therefore 
more vigorous in growth. Drops with wild yeast were of course 
discarded at this time. 

In recording the final results of growth only the growing cells 
were counted. Williams had recorded also the observed cells 
which had not grown, but the writer did not feel sufficiently sure 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. XLIV, NO. 1 


ag 


< 


4 
ina 
Ss 
2 
Bee 
a7 
> 
% 4 


we 


A 


* 


* at 


178 Water-Soluble B in Cabbage and Onion 


of recognizing cells to warrant doing this. Usually results of dupli- 
cate slides were averaged and conclusions as to growth drawn 
from this joint record. 

Comparison with Williams’ Method.—The above method is 
practically the same as that of Williams. ‘The chief differences 
consist in the method of sterilization. Since the effect of heat on 
the vitamine solution has been the main point in question, it was 
necessary to extract and sterilize it without heat. This was 
accomplished by the use of alcohol. Williams sterilized the mixture 
of control and vitamine solutions in an autoclave. By making 
up the control in individual portions, this later sterilization was 
unnecessary, and the yeast suspension could be added directly 
to the control and solution. 


EXPERIMENTAL. 


Controls.—During the entire series of experiments, three differ- 
ent mixtures of basal solution were used. These were tested at 
various times but a control was not run with each experiment. 
There were many unaccountable variations in the averages of 
the controls. In general the first two lots averaged 6 to 8, and the 
third, 10 to 13. Sometimes duplicate slides averaged exactly the 
same, but more often there was a difference of 2 to 3. The range 
of growth in the same slide was often about 3 to 12, but sometimes 
colonies ran as high as 25. In the tables experiments in which 
the first and second controls were used are combined since they 
averaged about the same. The third control was used only in the 
experiments reported in Tables II], V, VI, and VII. 


Cabbage. 


Small, firm cabbages were procured at a local store and often 
used for several experiments extending over 2 or 3 weeks. They 
were kept in the refrigerator and whenever used a fresh cut was 
made and a portion cut from that, to avoid the part which had . 
been directly exposed to the air. 

Raw Cabbage.—A 10 gm. representative portion of cabbage was 
used; that is, a vertical section was cut so as to include both outer 
and inner leaves, the central stalk being discarded. It was cut 
as fine as possible and ground in a mortar to a soft pulp. 10 ce. 
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of dilute alcohol (50 per cent) were added in which it stood for 
15 minutes. It was then transferred to centrifuge tubes, another 
10 ce. portion of alcohol was added, and it was centrifuged for 10 
minutes. 

The liquid was then decanted off and filtered. Another 10 ce. 
portion of alcohol was added to the residue in the centrifuge tube, 
thoroughly mixed, and again centrifuged. This process was 
repeated four times. The residue was then filtered by suction 
through « Buchner funnel until dry, and this filtrate added to the 
previous extractions. Thus the vitamine was extracted with five 
portions of aleohol. To test the completeness of this extraction 
the residue on the Buchner funnel was soaked in alcohol, centri- 
fuged twice, filtered by suction, and this extraction tested for 
water-soluble B. The resulting growth was no larger than the 
average control showing that no vitamine was present; that is, 
the extraction was as complete as could be made by this method. 
Since water-soluble B is more soluble in dilute alcohol than in 
strong (2), this method should be a fairly complete one. 

The vitamine solution was made up to (usually) 100 ec. with 
alcohol. To a control of 25 ce. was added an amount of vitamine 
solution equivalent to 0.1 gm. of fresh cabbage and the volume 
made up to 30 ce. The yeast suspension was then added and 
slides were made and recorded as explained above. 

Table I shows the growth in six experiments on raw cabbage 
including portions from three cabbages. Many preliminary 
experiments had been made on the raw cabbage with very similar 
results. The growth from the 61 cells reported here averages 
23.4, with a median of 22 and a range from 11 to 8O. The range 
is large, due to one large colony (SO) in Experiment 5. Without 
that, it would have been 11 to 38. In Experiment 4, the cabbage 
used had been in the refrigerator for several days and was tough 
and harder to grind to a pulp, which may have interfered with the 
extraction of the vitamine and so account for the smaller amount 
of growth. 

Boiled Cabbage.'—10 gm. of cabbage, cut as above, were cooked 
for 30 minutes in 100 ee. of boiling water (distilled) in an uneov- 
ered beaker. The boiling was made rapid at the end to evapor- 

1 See preceding paper (Miller, E. W., J. Biol. Chem., 1920, xliv, 159) 
for review of the literature on stability toward heat and alkali. 
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ate as much water as possible. What little water remained was 
decanted off, filtered, and to it was added the extract from the 
cabbage. This extract was prepared with alcohol similarly to the 
raw cabbage. 

The second part of Table I shows the results of six experiments 
with boiled cabbage. The growth of 77 cells averages 26.7 with 
a median of 24 and a range of 7 to 60. The two parts of Experi- 
ments 1, 2, and 3 were performed at the same time under as like 
conditions as possible. In Experiments 1 and 2 there is almost 


TABLE I. 
Growth from 0.1 Gm. of Cabbage, Raw and Boiled. 


Raw. Boiled. 

— | Amount of growth. ‘ Amount of growth. 
cells. | Mini- | Maxi- Me- Aver- cells. Mimi- Maxi- Me-  Aver- 
mum. mum. dian age. mum. | mum. | dian. age. 
1 14 | 13 | 32 | 26.5 | 24.7); 12 | 16 | 40 | 25 | 24.6 
2 16 | 11 | 2 18 7 37 | 18 | 19.8 
3 | 12 | | 388 |23.5/22.8] 13 | 8 | | 17 

4 6 | 12 | 17.3 
5 6 | 15 | 9 /31 | 36.2 

7 11 | 20 | 488 |38 | 368 
8 10 7 | 55 25.5 | 26.6 


<a) 

— 
w 
— 


60 35 O44 


Total.| 61 | 11 | 80 (22 77 | 7 | | 26.7 


exact agreement between the averages of the raw and_ boiled 
cabbage. This is the more striking in Experiment 1, for here a 
second extraction had been made (to test the completeness of the 
first, as explained above) and a like agreement was shown, an 
average growth of 9.7 for the raw, and 9.6 for the boiled; that is, 
approximately the same as the control. Certainly the results 
indicate that the vitamine is not in the least destroyed by boiling 
for 30 minutes. Several preliminary experiments had been made 
on steamed cabbage with similar results. 

Table II shows two experiments in which portions were boiled 
for 30 and 60 minutes, the two parts of the experiment being car- 
ried on at the same time. The average growth for the two parts 
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of the experiments is fairly close, 42.5 for the 30 minute cabbage, 
and 44.5 for the 60 minute. The averages for the separate 
experiments, however, are somewhat different. The range in each 
experiment is also large. (This 30 minute cabbage is not included 
among the experiments in Table I, because the higher control was 
used. 

Boiled with Acid.—-In two experiments the cabbage was boiled 
with about 5 ce. of vinegar added to the LOO ce. of water. The 
resulting growth was verv great. The colonies were not only 
larger than usual but often were broken up into several and were 


TABLE IL. 
Growth from 0.1 Gm. of Cabbage, Boiled 30 and 60 Min. 


30 min oO ruin 


ment | «- Amount of growth. , (mount of growth 
No. No. of th No ot 
| cells. Mim-  Maxi- Ve- Aver- cells. | Mini- | Maxi- Me- Aver- 
} mum mum. dian, age mum. mum. dian. age. 
1 | 8 | 12 | 100; 3% | 40 17 | 12 | 140; 40 | 54 
2 | 15 | 18 | 100! 36 | 44 2 | 15 | 100] 34 | 38 


uncountable. Some new colonies appeared where no cells were 
recognized on the 5 hour reading. Certainly water-soluble B is 
not destroved by boiling with acid. This is in agreement with 
Williams (3) and with McCollum and Simmonds (4) who find only 
slight destruction, if any, with nitrous acid or hydrochloric acid. 

Boiled with Alkali.— Table LILI shows the results of three experi- 
ments in which the 10 gm. portion of cabbage was boiled in LOO 
ec. of water to which 0.1 gm. of baking soda was added. The 41 
cells show an average growth of 24.1. a median of 21, and a range 
of Sto 70. The actual growth, however, was much larger as some 
broken or uncountable colonies were discarded. 

These results with acid and alkali are in agreement with Wil- 
liams (3) who found that “this material when acted on by acid or 
alkali is changed (presumably by hydrolysis) to a form which 
is more immediately available for the veast.” 
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Loss in Cooking Water.— In this series of six experiments LO gm. 
portions of cabbage were boiled in the usual way for 30 minutes. 
The cooking water, however, was decanted off, mixed with alcohol, 
and tested separately. The vitamine in the drained cabbage was 
extracted in the usual way and tested. In testing the cooking 
water and the cabbage extract amounts equivalent to 0.1 gm. of 
raw cabbage were used as usual. 


TABLE IIL. 
Growth from 0.1 Gm. of Cabbage, Boiled with NaHCO,. 


\mount of growth. 
rirment No No. of growing OF RTO i 
4 “ it 


— 


Minimum. Maximum. Median. Average 
l 10 10 70 It} 31 
2 15 42 | 20 251 
16 30 21 IS 9 
41 | 70 21 24.1 


TABLE IV. 


Growth from Cooking Water and Drained Cabbage. 


Cooking water. Drained cabbage. 

, No. of Amount of growth. No. of Amount of growth. 

| cells. Mini- Maxi- | Me- Aver- cells Maxi- Me- Aver- 
mum. mum. dian. | age. /mum. mum. dian, age. 

1 | 6 | {28.1 12 | 10 | 6 | 25.5 30 

2 | 16 | 9 | 7% | 24.5/28.4 || 10 | 10 | 70 | 21.5} 286 

3 9; | | 32 | 14 15.7 

4 9 | 7 | |30 9 | 8 | | 18.1 

5 14 | 16 | 2 2s | 22.9 bb | 2 19 7 

6 3 23 | 40 | 29 32.5 8 | 21 | @ |2 32.6 

Total.| 62 | 6 | 7 |24 | 26.1]! 61 7 | 7 |22 | 23.6 
| | 


Table [IV summarizes the results and shows that in three of the 
experiments the growth from cooking water and from extract 
from drained cabbage was practically identical—half the vita- 
mine in each. In the other three, the cooking water contained 
a trifle more than half. Considering the six experiments together, 
the 62 cells from the cooking water average 26.1 with a median 
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of 24, and the cells from the drained cabbage extract average 23.6, 
with a median of 22. The ranges are very close, 6 to 75 in one 
case and 7 to 70 in the other. 

The combined growth from 0.1 gm. of drained cabbage and its 
cooking water should equal the growth from 0.1 gm. of boiled cab- 
bage with the water retained (asin Table 1). This is nearly true in 
experiment 3 in Table [V and Experiment 9 in Table These two 
portions of cabbage were cooked at the same time and the experi- 
ments carried out under as like conditions as possible. The con- 
trol used with these solutions averaged about 8. Allowing for this 
control the increased growth from the boiled cabbage with the 


water retained was 34.4 — 8 = 264 (Table I, Experiment 9), 
the growth from the cooking water 23.3 — 8 = 15.3, and from the 
corresponding extract 15.7 — 8 = 7.7 or a total of 25 from 0.1 


gin. of cabbage (Table IV, Experiment 3). These averages, 26.4 
and 23, are fairly near. 

This series of experiments shows that about half the vitamine 
is lost in the cooking water. In actual household practice where 
larger pieces of the vegetable are cooked and therefore less surface is 
exposed less vitamime would be dissolved out in the cooking water. 
This retention of more than one-half the vitamine, especially in 
strongly flavored vegetables such as cabbages and onions (Table 
VIL) where the cooking water is usually discarded, is very impor- 
tant. As far as can be ascertained this is the first attempt to 
discover the proportion of water-soluble B lost in the cooking water. 

Daniels and MeClurg (5) warn against discarding water around 
cooked or canned vegetables because their rats grew on the liquor 
from cooked beans. But they were dealing with an extraction 
rather than ordinary “cooking water” since the cooked material 
was comminuted by pressing through a strainer, the liquor filtered 
off, and the beans were washed several times with water. In the 
experiments of Daniels and Byfield (6), in adding water-soluble B 
to the food of artificially fed babies in order to secure proper growth 
thev used both the alcoholic extract of carrots, turnips, and celery, 
and a soup made from the same vegetables. Since the water 
extract was nearly as effective as the alcoholic extract it shows 
that much of the vitamine had been extracted. 
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Onions. 


A few experiments were made on onions. They were cut and 
treated similarly to the cabbage and the same amounts were used. 

Raw Onions.—In two experiments on raw onions (Table V) the 
average growth from 0.1 gm. of Silver Skins was 35.2, and of Span- 
ish onions 26.1. Of course, this one experiment indicates little 
as to the relative value of the two kinds but simply shows the 
presence of water-soluble B in both. 


TABLE V. 


Amount of growth. 


No. of growing 
| Minimum.|Maximum.| Median. | Average. 
Silver Skins........... 20 20 5 35.0 | 35.2 


50 2.5 | 261 


— 


TABLE VI. 
Growth from 0.1 Gm. of Boiled Onion. 


: | Amount of growth. 
= No. of growing | 
cells. 

| Minimum. Maximum.) Median. | Average. 

11 | 11 2S | 21.5 

4 50 | 41.5 | 37.2 

15 | 11 50 | 2.7 


Boiled Onions. Two experiments on boiled Spanish onions 
(Table VI) showed an average growth of 25.7, as against 26.1 for 
the raw Spanish onions. The heating had not destroyed the 
vitamine. 

Loss in Cooking Water.--Two experiments comparing the cook- 
ing water with the extract from the boiled onion (Table VII) give 
the same results as cabbage; namely, that only about one-half the 
Vitamine is lost in the cooking water. 

No attempt should be made here to compare the vitamine con- 
tent of cabbage and of onion. The experiments with onions are 
too few, and the results in both not sufficiently consistent. How- 
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ever, the presence of water-soluble B in onions is here shown. This 
is important in view of the apparent contradiction (7) between 
the work of Osborne and Mendel (8) who proved its presence by 
the growth of rats, and of MeCarrison (9%) whose pigeons, fed on 
polished rice, butter fat as a source of fat-soluble A, and onions as 
a source of C, developed polyneuritis even more quickly than those 
on a diet of polished rice alone. If the antineuritie, antiberi- 
beri vitamine is not identical with the growth-promoting vitamine 
necessary for rats, as has not vet been definitely proved (10), 
although generally so considered, these results would show the 
veast growth vitamine to be identical with the “growth-promot- 
vitamine. 
TABLE VII. 
Growth from Cooking Water and Drained Onion. 


Cooking water. Drained onion. 
1g ~ al mount of growth. No. of | Amount of growth. 
cells. Mini- | Maxi- Me- Aver- cells. Mini- Maxi- Me-  <Aver- 
mum. dian. age. 


mum./| mum. dian. age. mum. 


| is | 43 | 35 |33.1 14 | 18 | 52 | 35 | 31.7 
2 2 | | 12 | | 2% | 255 


Total. 31 | | © | 0 @ 12 | | 233 


DISCUSSION, 


As a strictly quantitative test the method has proved somewhat 
disappointing. Although duplieate slides and duplicate experi- 
ments have sometimes been remarkably consistent in range as 
well as in average even here the range within the slide has been 
large. Within the same drop even, | cell may grow to 20 and 
another to 40. 

It would seem that the differences in growth of the cells must 
often be due to a difference in the individual veast cells themselves. 
Sometimes they varied in shape and appearance as has been noted. 
Then, too, there may be some difference in the yeast cakes. Other 
substances may be introduced with the veast cells. 

The possible errors in reading the slides have already been 
noted, and most of them have been recognized by Williams. 
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a Among other factors which may have affected the results, in 
e 3 spite of all efforts to standardize the method, may be included: 
ig variations in the cabbage—different cabbages, parts of the same 
hs cabbage, changes due to keeping; variations in the extract, com- 
| ie pleteness, time before using; influence of other substances which 


were probably extracted with the vitamine, such as mineral salts, 
nitrogenous substances, and carbohydrates; variations in control; 
and variations in temperature of the glass box which was some- 
times much above room temperature. 


CONCLUSIONS. 

a Although strictly quantitative results have not been secured by 

» 
is these experiments certain definite points have been made. 

} 8 |. Water-soluble B in cabbage is not destroyed by boiling for 
30 or 60 minutes. 

he 2. It is not destroyed by boiling with acid or alkali. 


3. It is present in onions and is not destroyed by boiling. 
4. Not more than one-half the water-soluble B is lost in the 
cooking water from cabbage or onions boiled for 30 minutes. 


I wish to express my thanks to Dr. F. C. Koch, Dr. R. J. Wil- 
liams, and Miss E. W. Miller for helpful suggestions concerning 
this method as used in their laboratory. 
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CAN “HOME GROWN RATIONS” SUPPLY PROTEINS OF 
ADEQUATE QUALITY AND QUANTITY FOR 
HIGH MILK PRODUCTION? II.* 


By E. B. HART anno G. C. HUMPHREY. 
WITH THE COOPERATION OF 3S. LEPKOVSKY. 


(From the Departments of Agricultural Chemistry and Animal Hushandry, 
University of Wisconsin, Madison. ) 


(Received for publication, August 5, 1920.) 


In 1919! we published results which showed that it was impos- 
sible to maintain nitrogen equilibrium in dairy cows of high 
daily milk production with a ration made from a cereal grain, 
red clover hay, and corn silage. The protein content of such a 
ration was inadequate in quantity or quality for continuous high 
production without imposing a considerable draft on the cow's 
protein tissues. We showed that with clover hay as the rough- 
age in the above ration a high milk-producing cow would not only 
fall off in the volume of milk secreted more rapidly than nor- 
mally oceurs with the progress of lactation, but that she would 
show a negative nitrogen balance. On the other hand it was 
shown that it was possible, with cows of moderate milking 
‘capacity of 20 to 25 pounds of milk daily containing 14 per cent 
of solids, but with large feed consumption, to maintain milk flow 
as well as nitrogen equilibrium over a period of at least 4 months 
on a ration made of red clover hay, corn silage, and a cereal grain. 

We expressed the view that there was a possibility that through 
further research a combination of ‘‘home grown” materials 
could be found that would be more effective with respect to 
quantity or quality of proteins than the ration used in our earlier 
experiments. 


* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 
‘ Hart, k. B., and Humphrey, G. C., J. Biol. Chem., 1919, xxxviti, 515. 
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Naturally the very great prominence given to alfalfa as a 
forage plant in all northern areas of this country led us to use it 
in substitution for red clover hay as a possible material of either 
greater protein efficiency or higher protein content. The experi- 
ments to be described in this paper are based on the use of alfalfa 
hay, together with corn silage and 2 cereal grain as the ration. 
The grains used were corn, barley, oats, or a mixture of the three. 
As in all work of this kind, metabolism experiments are absolutely 
necessary if we are to have positive knowledge in regard to the 
intake and outgo of nitrogen. Without such data no definite 
information of value on the status of nitrogen metabolism in the 
animal can be accumulated, especially when short periods of 
time are involved. 

Much to our surprise we found it possible not only to maintain 
nitrogen equilibrium in cows milking 40 to 45 pounds of 11 per 
cent milk daily, but to maintain that flow over a period of 16 
weeks with a ration made from alfalfa hay, a cereal grain, and 
corn silage. The alfalfa used was not specially selected, but was 
taken from a ear lot bought by the University as a commercial 
product and grown in the West. It contained 15.5 per cent of 
protein (N & 6.25) which is but 0.6 per cent higher than the 
average of 250 analyses of this plant as given by Henry and 
Morrison.* 

It is true, however, that most of the materials used in the 
construction of this alfalfa ration were appreciably higher in nitro- 
gen than the materials used in our clover hay ration of the pre- 
ceding year; but the main difference between the two rations 
was the higher level of crude protein secured in this ration and 
made possible by the use of alfalfa. Data showing the differences 
in nitrogen content of the materials used in the clover ration of 
1918-19 and the alfalfa ration of 1919-20 are given in Table I. 
With the exception of corn silage, the data are based on the air- 
dried material. 

From our metabolism data it does not appear that a unit of 
nitrogen absorbed from the clover-silage-cereal grain ration was 
less productive of milk and tissue protein than a unit of nitrogen 
absorbed from the alfalfa-silage-cereal grain ration. On _ the 


2 Henry, W. A., and Morrison, F. B., Feeds and feeding, Madison, 15th 
edition, 1915. 640. 
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basis of weekly periods there was approximately 0.45 to 0.64 gm. 
of nitrogen elaborated in product per gm. of absorbed nitrogen 
on the clover ration, and 0.41 to 0.59 gm. per gm. of absorbed 
nitrogen on the alfalfa ration. These differences between the 
effectiveness of the two rations are too slight to be given any 
significance and should not be accepted as indicating that we had 
a quality of protein in the alfalfa ration superior to that of the 
clover ration. The greater efficiency of the alfalfa ration over 
the clover ration is probably to be attributed to the higher plane 
of protein intake made possible by the higher nitrogen content 
of the alfalfa ration. The alfalfa hay itself was mainly respon- 
sible for this higher nitrogen level. 


TABLE 
Nitrogen Content of Feeds. 


Nitrogen. 


Material 

1GLS-19 1919-20 

Corn grain....... 1.43 1.65 


Corn silage......... 0.36 | 0.45 


ENPERIMENTAL. 


Our plan was to use a ration of corn silage and alfalfa hay to 
which ground corn was added in the first period of 4 weeks, 
ground oats in the second period of 4 weeks, ground barley in 
the third period of 4 weeks, and a mixture of approximately equal 
parts of the three grains in the fourth period of 4 weeks. The 
alfalfa hay was cut before feeding. ‘This was done in an ordinary 
feed cutter. The grains were ground. Provision for a constant 
energy intake with the different rations was made through the 
use of corn-starch. In some cases the amount of grain allowed 
was above, while in other cases it was below, the proportion of 1 
pound of grain to 3 pounds of milk—a practical rule often used 
and recommended by animal husbandry teachers. The animals 
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were fed all that they would consume but their consumption did 
not conform closely with the energy needs as set forth in the 
Armsby standards. For example, Cow 1 consumed 58 pounds of 
the corn ration which provided 20 therms. On the basis of her 
milk production (42 pounds of 3 per cent (fat) milk daily) and live 
weight (1,200 pounds) she should have received 16 therms. Cow 
2 consumed 50 pounds of the corn grain ration or its equivalent 
as dictated by appetite. This provided an intake of 17.2 therms. 
Her energy requirement as formulated by the Armsby standard 
based on milk production (30 pounds daily of 3.5 per cent milk) 
and live weight (1,200 pounds) would have been 14.1 therms. 

Our plan had been to use three animals for the four periods of 
4 weeks each, but we were not successful in carrving all of them 
through the entire time. We succeeded in our plan with three 
of the animals; but No. 3 went off feed at the end of 4 weeks with 
the necessity of providing a fourth amimmal for the remaining 
three periods. 

One of the animals used was a pure bred Holstein, the other 
three were grade Guernseys. ‘They were fed and milked twice 
daily, with quantitative collection of all exereta. The urine and 
feces were analyzed daily, while a 7 day composite of the milk 
was collected for analysis. The composition of the rations fed 
is shown in Table II. Data are given for 50 pounds of the corn 
grain ration and its equivalent in protein and therms in the case 
of the oat, barley, and mixed grain rations. It should be remem- 
bered that 50 pounds or its equivalent of any particular ration 
was not necessarily fed, but that portion allowed which was 
entirely consumed. 

A nutritive ratio of 1:7.9 was made possible with the materials 
used. The cows differed in their consumption, some eating 
more than 50 pounds of the ration while others ate less. Cow 1, 
a Holstein, consumed 58 to 60 pounds of the ration daily, while 
Cow 38, a smaller animal and producing less milk, consumed 46 to 
48 pounds of the ration. In 50 pounds of this ration there were 
provided 3.44 pounds of crude protein. From our records of 
nitrogen metabolism about 60 per cent of the nitrogen was di- 
gested (absorbed). This amounts to a provision of 2.06 pounds 
of digestible crude protein with 50 pounds of the ration. This 
amount of protein was ample over the period of observation for 
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Cow 2, producing daily 30 pounds of 3.2 per cent milk (fat) and 
weighing 1,200 pounds. The Armsby standard would require 
1.98 pounds of digestible true protein daily for similar perform- 
ance and with no provision for the influence of the quality of 


TABLE II. 


Composition of Ration. 


| Weight. | Total N. | Therms | 
Corn grain ration. 
aay. lbs gm. lbs 
Oat grain ration. 
10 112.5 3.44 
2.20 
Barley grain ration. 
10 112.5 3.44 
50.5 | 250.0 | 17.22 3.44 
Mixed grain ration. 
2.9) 
| | 
| 50.7 | 250.0 | 17.22 | 3.44 
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the protein. On the basis of our analysis of the materials used 
and the coefficients of digestibility given in the text-books on 
feeding, 50 pounds of our ration would have provided 2.28 pounds 
of digestible crude protein. This is not in very close agreement 
with the Armsby standard, if the amount of digestible crude 
protein supplied by our ration is reduced to digestible true protein: 
in facet it would fall considerably below the provision of the 
Armsby standard; but there probably can be no question but 
that the free amino or simple peptide nitrogen of the corn. silage 
and alfalfa hay is of direct nutritive value, although it may not 
be precipitated by Stutzer’s* reagent which is used in differenti- 
ating crude from = true protein. The Wollf-Lehmann standard 
would require 3.3 pounds of dgest/ble crude protein for a 1,000 
pound cow, giving 27.5 pounds of milk, while modified standards 
suggested by Henry and Morrison would require 2.3 pounds of 
digestible crude protein for a 1,000 pound cow giving 39 pounds of 
3.5 per cent milk. 

In three of the periods extra energy and under practical con- 
ditions probably unnecessary energy was provided in the form 
of corn-starch. This was done to make the oat, barley, and mixed 
grain rations as high in net energy as the corn grain ration, which, 
with its corn-meal, contained a higher therm value than the other 
rations. We set our standard as the corn grain-alfalfa-silage 
mixture in order to get as much protein into the ration as possible, 
necessitating thereby an equal therm provision in all the other 
rations. It can be seen from Table II that we could have 
omitted from the oat, barlev, or mixed grain ration the added 
energy in corn-starch and still have provided adequate therms 
and protein. 

The records of nitrogen metabolism are shown in Tables III 
to V. Positive nitrogen balances were maintained with all the 
animals. The records for Cows 1, 3, and 4 would indicate some 
protein storage. Cow 2 was nearer nitrogen equilibrium, al- 
though the greater part of the time she was in a distinctly 
positive nitrogen balance. All these animals had been bred in 
the first 2 weeks of confinement to experimental conditions and 
part of the nitrogen storage is to be correlated with fetus build- 


$Stutzer, N., in Hart, KE. B., and Bentley, W. H., J. Biol. Chem., 1915, 
Xxli, 477. 
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ing. The live weights of these animals were well maintained, 


although no great importance is to be attached to a maintenance 
of live weight as indicating a positive nitrogen balance, particularly 


over a period of 3 to 4 months with a cow. 


Dec. 


TABLE IIL. 


Record of Nitrogen Balance, Milk Produced, Etc. 
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Date. 


5-11, 1919..... 
12-18, 1919...... 
19-25, 1919...... 
26, 1919-Jan. 1, 


1,910.7 699.0) 519.0) 554.6 
2,030.7, 719.2) 515.6) 559.8 
2,030.7; 824.8} 493.2) 528. 


2,030.7 | 


780.4 520.8 576.8 


| Nitrogen. 
Intake. | Feces. | Urine. | Milk. Balance. 
Corn grain ration, Animal 1. 
gm. | gm. ym. gm. | gm. lbs 


| +138.1) 305 
+2361 301 
3/1 +184. 


te 

© 


Oat grain ration, Animal 1. 


Jan. 
Feb. 


Feb. 27 -Mar. 4.. 


Mar. 


30-Feb. 5... 


2,025.8 | > 796. 


2,025.8 761.5) 492.7 582 
2,025.8) 743.2) 558.6) 568 
2,025.8) 733.0 572.9 538 
2,025.8 757.6) 592.6) 559 


2.1 | +189 5 290 
+155.6 288 
3 | +181.6 285 


9! +115.7| 293 


Barley grain ration, Animal 1. 


.| 2,023.5 


1.6 562.9 
2,025.8 7 
2,025.8 


| | +122.7| 303 
5 549.7 | 2 
| 


+196.0 292 


288 
4 | +209.4. 290 


Mixed grain ration, Animal 1. 


2.025.8| 798.3| 420.7 | 557. 
2,025.8 |* 760.0 | 465.7 | 568. 
782.9 | 457.5 | 559. 
| 2,025.8 | 800.4. 480.7 56S. 


The initial and final live weights of these 


9 | +239.9 *°204 
3 | +231.8| 204 
8 | +225.6 287 
+176.5: 290 


animals were as 


follows: No. 1, 1,174 to 1,250; No. 2, 1.220 to 1,188; No. 3, 1.017 
to 1,007; No. 4, 1,117 to 1.108 pounds. 
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The milk production, both in composition and flow, was well 
maintained. It is exactly on this point that our data cannot 
give a final answer to the question whether the milk flow and 
milk composition would have been maintained over an entire 


TABLE IV. 
Record of Nitrogen Balance, Milk Produced, Etc. 
| Nitrogen. 
Date. Milk 
| | week. 
| Intake. | Feces. | Urine. | Milk. | Balance. | 
Corn grain ration, Animal 2. 
| gm. gm. | gm. gm. | gm. lbs. 
Dec. 5-11, 1919...... (1,751.4. 573.0 607.4 461.1 +109.9 246 
..... 1751.4 641.6 677.7 445.8 —13.7 242 
19-25, 1919......, 1,751.4 620.0 586.5 437.1 +107.8 220 
26, 1919-Jan. 1, | 
| 1,751.4. 611.0 | 705.9 442.8 —8.3 220 
Mat grain ration, Animal 2. 
1920 | | 
Jan. 2-8............., 1,750.0; 619.2 | 626.2 | 436.2 | +68.4) 215 
645.7 | 648.1 | 433.3 215 
“ 1,750.0; 577.0; 714.9 | 402.3) +855.8) 196 
752.2 | 6380.8 | 443.9 —76.9) 211 
Barley grain ration, Animal 2. 
Jan. 30-Feb. 5....... (1,750.0) 676.5 597.9) 433.4) +42.2) 219 
1,750.0 621.8 , 583.0) 417.0) +128.2 209 
1,750.0, 677.0, 645.2 416.1 +11.7 205 
1,750.0) 622.3 | 951.1 423.6 +153.0 197 
Mixed grain ration, Animal 2. 
Feb, .27-Mar. 4....... “1,750.0 647.8 564.6 416.8  +120.8) 204 
Mar. 1,750.0 628.8 598 .7 422.7 +998 211 
“ 1,750.0) 680.4 | 620.9 | 420.1} 428.6 201 
19-25... 1,750.0 674.9 6382.7 419.9 +22.5; 212 
gestation period by a ration providing no more protein than the 
one we used. We can only answer the question for a period of 
4 months. Over that time the volume of milk secreted, as well 
as its composition, was well maintained. Only that shrinkage 
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in volume incident to a progressive lactation was observed. The 
composition of the milk and average daily production for a single 
week in each feeding period are given in Table VI. Charts 1 to 
3 are added to show the maintenance of nitrogen equilibrium as 


TABLE V. 
Record of Nitrogen Balance, Milk Production, Ete. 


Nitrogen. 
Date. Milk per 
Intake. Feces. _—Urrine. Milk. Ralance. 
Corn grain ration, Animal 3. 
gm. | gm. gm. gm. gm. lbs. 
Dec. 5-11, 1919...... 11,610.7| 612.1 | 479.6; 435.8! +83.2) 178 
12-18, 1019...... (1,610.7; 566.4) 444.4 458.2) +141.7, 180 
19-26, 1919...... 1,610.7; 627.1 397.3 +138.3 170 
“26, 1919-Jan. 1, | 


Oat grain ration, Animal 4. 


1920 

Jan. 2- 8............}1,610.0; 605.4; 488.5, 501.5) 414.6 217 

“ 15............| 1,610.0} 504.0} 462.4 | 507.7 | +135.9| 217 

“ 16-22............} 1,610.0] 588.3 | 489.2 | 463.3) +69.2) 195 

“ 93-90........ ...1 1,610.0} 591.1 485.4) 484.0{ +49.5) 212 
Barley grain ration, Animal 4. 

Jan. 30-Feb. 5... .... 1,610.0 606.3} 503.3) 493.5) 211 

1,610.0) 528.6) 502.2 481.1) -+98.1 201 

1,610.0) 569.7 453.7 465.5 4121.1 188 

(1,610.0 551.7 461.3 459.6 +137.4 188 
Mixed grain ration, Animal 4. 

Feb. 27-Mar. 4...... 1,610.0 563.0 444.0 447.4 4155.6 189 


Mar. S-1l........... 1,610.0, 636.4) 420.2) 460. +93.2) 194 
“ 1,610.0; 640.2 | 439.7 | 458.7, +71.4, 194 
1,610.0) 630.1 | 450.2) 455.9 +73.8 192 


“I to 


well as the constancy in milk nitrogen elaboration over the 16 
weeks of observation. 

In our earlier paper reviewing our experience with clover hay 
we stated that “from what we know of the physiology of milk 
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198 Proteins for Milk Production. 
secretion and the relation of protein to that function it would 
appear to be unprofitable not to supply protein in quantities 
sufficient to maintain nitrogen equilibrium in a milking animal.” 
We believe that to be an axiom of good dairying, but we must 
also insist that the set nutritive ratio for milk production is as 
fallacious, scientifically, as the set nutritive ratio for growth. 
In the light of modern protein chemistry our knowledge of the 
protein requirements of dairy cows is In as confused a state as 
our knowledge of the protein requirements for human nutrition. 


TABLE VL. 


Composition of Milk and Average Daily Flow in a Selected Week of Each 
Period. 


Animal 1. 


Dee. 18. | Jan. 15. | Feb. 12. | Mar. 11. 


Total solids, per cent «11.50 11.40 | 11.30 
Fat, per cent...... 3.00 3.00 3.00 3.00 
Milk daily, lbs............ | 43.00, 41.10 41.70 42.00 
| Animal 2 
Total solids, per cent... ..... 11.40) 11.40! 11.90 11.70 
| 34.5 30.70 | 29.80 30.10 


Animal 4. 


13.40! 13.65] 14. 


440 480!) 5.00 
ree | 0.51 0.51 0.52 


There are advocates of high levels as well as advocates of more 
moderate levels. The guiding facts will only come to light when 
quality and quantity of protein are involved in experimental 
inquiry, through the use of metabolism experiments. In the 
present state of our knowledge a nutritive ratio set at a high 
level becomes safe practically, and that of course justifies its use 
until we have positive evidence that high levels of protein are 
injurious or unnecessary with certain specific mixtures. 
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Cuart 1. Animal 1, showing nitrogen balance and milk nitrogen pro- 
duced. <A positive nitrogen balance as well as a constant amount of milk 
ntrogen was maintained for 16 weeks. 
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Cuart 2. Animal 2, showing nitrogen balance and milk nitrogen pro- 
duced. Nitrogen equilibrium as well as a constant amount of milk nitro- 


gen was maintained for 16 weeks. 
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In the experiments reported here it is evident that we have 
in a cereal grain-corn silage-alfalfa ration a “specific mixture’’ 
which can, when the nitrogen content is comparable to the nitro- 
gen content of the materials used in this work, maintain nitrogen 
equilibrium and the milk flow of comparatively high producing 
cows over a period of at least 16 weeks. It should, of course, be 
determined whether such milk production as here experienced 
could be maintained over a full lactation period, with only that 
shrinkage in flow incident to an advancing lactation, before 
definite advice to dairymen is given. Haecker* in his long obser- 
vations on the nutrition of dairy cows found that in the earlier 


N. Ho lande 
urve 


CnHarr 3. Animal 4, showing nitrogen balance and milk nitrogen pro- 
duced. A positive nitrogen balance was maintained, with but a slight 
decline in the milk nitrogen produced over a period of 12 weeks. 


vears a low protein ration appeared as effective as the higher one, 
but toward the end of 3 years the low protein group showed 
deficient vitality, apparently indicating a lack of protein. How- 
ever, the nutritive ratio used by Haecker was a wider one than 
used in our experiments. It should also be made perfectly clear 
that our ration involved the use of a cereal grain in addition to 
corn silage and alfalfa and was not made up from the two latter 
materials alone. Further, we could observe no differences in the 
nutritive efficiency of our rations whether the grains used were 
corn, oats, barley, or a mixture of the three. 


* Haecker, T. L., Winnesota Exp. Station, Bull. 71, 1901; Bull. 79, 1908; 
Bull. 140, 1914. 
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SUMMARY. 


1. In this paper are presented data which show that it is 
possible to furnish dairy cows of high milk-producing capacity 
with a protein level of sufficient magnitude to maintain that 
capacity for 16 weeks from an alfalfa-corn silage-cereal grain 
mixture, the latter being corn, barley, oats, or a mixture of the 
three. 

2. Four cows were used in this work. No. 1 produced 40 to 
45 pounds of 11.4 per cent (solids) milk daily over a period of 
16 weeks, on this ‘“‘home grown’ ration, maintaining nitrogen 
equilibrium as well as a sustained milk flow and milk composi- 
tion. The other three animals were not so large producers as 
No. 1, but with less ration maintained a positive nitrogen balance 
and sustained milk flow and milk composition over the period of 
observation. 

3. This ration had a nutritive ratio of 1:7.9 and provided less 
digestible true protein than the requirements of the Armsby stand- 
ard. It provided somewhat less digestible crude protein than re- 
quired by the modified standards suggested by Henry and Morri- 
son. Longer observations must decide whether such a ration is 
adequate for an entire lactation period or for the practical period 
of barn feeding, unsupplemented by pasture grasses. 


} 
MN + 
« 
aa 
« 
: 
a 
Ri 
5 
> 
2 
< 
weg 
— 
“> 
> 
~ 
b= 
4 
q 
&. 
wth 
4 
i 
4 
+ 
a 


| 
q 
| 
| 


4 
is 
| 
| 
j 


NOTE ON THE PRESERVATION OF SPECIMENS 
OF BLOOD INTENDED FOR BLOOD SUGAR 
DETERMINATIONS. 
By W. DENIS anno MARTHA ALDRICH, 


(From the Chemical Laboratory, Massachusetts General Hospital, Boston.) 


¢ 


(Received for publication, July 16, 1920.) 


The relatively rapid decrease in the sugar content of blood, 
even when preserved at low temperatures, is too well known to 
require comment. 

Both from the standpoint of the biochemist and of the clinical 
worker there is great need of some simple method whereby samples 
of blood intended for sugar determinations might be preserved, 
if necessary for several days, until some suitable time or place 
may be found in which the analyses can be made. This need is 
particularly acute in hospital work, and we have, therefore, 
experimented with a number of substances, which would be 
expected, theoretically at least, to limit enzyme action and at 
the same time to introduce no errors in the subsequent deter- 
mination of blood sugar by the revised method of Folin and Wu,! 
the procedure used as a routine in this laboratory. 

We believe that we have found a suitable preservative in for- 
maldehyde, which we use in the proportion of 1 drop of com- 
mercial “formalin” (containing 40 per cent formaldehyde) to 
5 ec. of oxalated blood. The dropper employed gives 30 
drops per cubic centimeter. The addition of a larger amount 
of formaldehyde (3 drops to 4 ce. of blood) adds no advantage, 
nor apparently does it introduce any error. 

We are aware of the fact that formaldehyde is ordinarily classed 
as a weak reducing agent, and that the advisability of its use in 
this connection may be questioned on theoretical grounds. In 
fact, we only tried it after we had exhausted every other possi- 
bility. We have, however, repeatedly demonstrated the fact 


' Folin, O., and Wu, H., J. Biol. Chem., 1920, xli, 367. 
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204 Preservation of Blood Specimens 


that formaldehyde in amounts ten times greater than used in 
the blood sugar determinations produces no formation of cuprous 
oxide in the alkaline copper tartrate solution used in the Folin-Wu 
procedure, a fact probably due to the extremely low degree of 
alkalinity possessed by this reagent. 

The following experimental data is cited in proof of the above 
statements. 
Blood No, 12. 


Amount of blood sugar per 100 cc. Amount of formaldehyde. 
my. drops 
99 | None. 
100 l 
100 | 2 
100 3 


Blood No. 16. 


Amount of blood sugar per 100 ec Amount of formaldehyde 
ma. | drops 
101. | None. 
102 | l 
101 2 
101. | 3 


It will be found that if to 2 ce. of the tungstic acid filtrate there 
is added 1 drop of formaldehyde, and the sugar determination 
is made on this portion of filtrate in the usual way, results will 
be secured which are identical with those obtained in portions 
of the same filtrate to which no formaldehyde has been added. 

By means of formaldehyde used in the manner above described 
we have been able to prevent glycolysis in blood for as long as 
96 hours at temperatures varying from 20-33°C. It seems prob- 
able that this period might be greatly extended, but as 4 days 
appeared to cover all ordinary needs we have not extended our 
experiments to cover a longer period of time. 

We have also made a few observations to determine whether 
the formaldehyde-containing filtrate can be used for the deter- 
minations of the various non-protein blood constituents, such 
as non-protein nitrogen, urea, creatinine, and uric acid. While 
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TABLE I. 


Experimental Results Showing the Effect of Formaldehyde in Preventing 
Glycolysis in Non-Diabetic Blood. 


Amount of sugar per 100 cc. of blood. 


Sample No. 
20 to 60 min. 
after bleeding. | 


| 
| 


After 24 hrs. After 36 brs. | After 72 hrs. 


mg. my. | my. 


© 


= 


TABLE I. 


Experimental Results Showing the Effect of Formaldehyde in Preventing 
Glycolysis in Diabetic Blood. 


' Amount of sugar per 100 cc. of blood. 


Sample No. 


20 — After 48 hrs. | After 96 hrs. 


210 214 
125 125 

158 161 
156 162 

128 121 133 
196 186 200 
232 232 232 
18S 184 190 
146 143 
143 145 
174 178 
154 160 
202 208 


= & 


~ 


— 


bo 
— 


100 
3 103 107 
4 
5 1OO 100 
12 | 99 100 
9 13S | 138 
13 116 119 | 
17 | 82 | 
ag. 
mg. mg. | mg. 
| 
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we have been able to obtain good results in the determination 
of these two latter constituents, the values obtained for non- 
protein nitrogen and for urea (determined by the urease method) 
are invariably low. 

The results presented in Tables [ and II indicate the possi- 
bilities of this method of preservation. The samples of non- 
diabetic blood were taken in the afternoon soon after the midday 
meal; all the samples of diabetic blood were obtained from fasting 
subjects.° 


2 For the diabetic material we are indebted to Dr. Elliott P. Joslin. 
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1. That a small amount of solvent can be used for the extrac- 
tion of a large amount of material; that this extraction can be 
made as complete as desired; and that the substances extracted 
are at the same time concentrated. 

2. That this apparatus, being operated at reduced pressure, 
is especially suitable for the extraction of labile substances which 
are destroyed either by oxidation or by high temperature. With 
water as the solvent and the apparatus well exhausted it is not 
necessary to warm the flask, /, more than 10-15° above room 
temperature. 

3. By using a collodion bag or other suitable dialyzing mem- 
brane it is possible to extract and concentrate the diffusible 
substances in plant and animal tissues; as, for example, the amino- 
acids of blood, musearin, and other thermolabile alkaloids from 
fungi, and thus to obtain many substances of pharmacological 
importance. 
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AN ATTEMPT TOWARD THE DETERMINATION OF THE 
TOTAL ALKALINE RESERVE OF THE BODY. 


By W. PRENTICE, H. O. LUND, ano H. G. HARBO. 


(From the Physiological Laboratory, University of Minnesota Medical 
School, Minneapolis.) 


(Received for publication, August 31, 1920.) 


It seems pretty well established that the alkaline reserve of 
human blood plasma is about 0.03 N and that of the dog is about 
the same (or slightly lower, especially if breathing is increased 
by any means when the blood is drawn). There seems to be no 
reliable direct method of determining the alkaline reserve of the 
cells of the body, but we found that on injecting acid into the 
blood stream the cells give up alkali to the blood plasma for the 
alkaline reserve, lowered by injecting acid, rose again after the 
acid was stopped. It seems probable that the bones should be 
included in the alkaline reserve of the body, but sinee they dis- 
solve in scurvy when acidosis is absent this subject needs further 
study. The object of this study is to determine the maximum 
amount of acid that can be injected into the blood stream of a dog 
without more than neutralizing the alkaline reserve of the blood 
plasma. Under such conditions it was thought that the alkaline 
reserve of the whole body would be drawn upon. 

A very large number of experiments were made, but the first 
and second series merely pointed out the difficulties to be met and 
are not given here. Pain, ether, chloroform, and the initial stage 
of morphine anesthesia seemed to lower markedly the alkaline 
reserve of the blood plasma (by inducing increased lung ventils- 
tion). Attempts at local anesthesia were abandoned. The alka- 
line reserve of blood drawn without anesthetic was about 0.025 n, 
which may be a low figure due to pain. Some dogs were kept 
alive several days during the experiment, but it was found that 
more acid could be introduced before death the more rapidly it 
was introduced, so that in the third series of experiments (the 
ones reported in this paper) the acid was introduced rapidly. 
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If we assume that the acid injected into the dog was equally 
distributed throughout the body it is important to know the 
ratio of the blood plasma volume to the volume of the body. 
Although the blood volume varies as the surface and not the vol- 
ume of the body, our experiments were not sufficiently uniform 
to warrant accurate calculations and we merely assumed that the 
specific gravity was unity and the volume of the blood was 7.7 
per cent of the body weight and blood plasma volume was 64 per 
cent of the blood volume. In other words, the volume of the 
body is assumed to be about twenty times the volume of the 

TABLE I. 


Alkaline reserve of plasma. | No. of times acid 
Acid injected. would neutralise 
Before ether. | After ether. | After HCI. | } plasma. 
| ec 
0.023 N | 0.018 | 0.0005 1,200 | 10.6 
0024“ | OOI8 0.000 
0.0235“ |; 001 “ | 0.000 “ 740 69 
0.023 “ | 001I8 “ | 0.000 “ 7 | 58 
oom“ | | “ 
| * | | 750 | 3.33 
0.024 “ | 0.0166“ | 0.0025“ | 300 29 


0.0235 | 00175“ OO05 177 | 2 89 
blood plasma, and if the alkaline reserve of the whole body is 
the same as that of the blood plasma and free diffusion takes 
place it would require twenty times as much acid to neutralize 
the alkaline reserve of the blood plasma 7m vivo as is required to 
do it im vitro. The largest amount of acid injected was 10.6 
times the amount required to neutralize the alkaline reserve of 
the blood plasma zn vitro, and this amount reduced the alkaline 
reserve in vivo to 0.005 x. The experiments are given in Table I. 
The dog was induced to lie quietly, a sample of blood was 
taken from a vein in his leg, and the alkaline reserve of the plasma 
determined. Ether was administered and a cannula inserted in 
the external jugular vein to allow the acid when introduced to 
flow in the direction of the blood stream. Another cannula was 
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placed in the same vein at a higher level and pointed so that 
blood could be drawn through it, and a sample taken for alkaline 
reserve. The acid was 0.1 N HCl in 1 per cent NaCl and it was 
warmed to body temperature and passed into the vein through 
the first cannula from a burette at a uniform rate. When signs 
of coma appeared and the heart action became very weak, the 
flow of acid was stopped and a third sample of blood taken from 
the vein. We did not take intermediate samples in the first and 
second series of experiments because we found that the alkaline 
reserve could not be reduced to zero without rapid death and that 
there was no danger of producing a negative alkaline reserve. 

The alkaline reserve was determined by the titration method 
of Van Slyke, Stillman, and Cullen.!) Enough 25 per cent solu- 
tion of potassium oxalate was allowed to dry in the collecting 
tube to make 0.2 per cent of dry oxalate in the blood. The 
blood was drawn rapidly and the tube closed and centrifuged. 
1 ee. of plasma was introduced into a 120 ec. Erlenmeyer flask with 
20 ec. of H2O, 4 ce. of 0.01 N HCl, and 0.03 ce. of a 0.04 per 
cent solution of phenolsulfonephthalein. The flask was rotated 
rapidly by a motor for 2 minutes, during which time the CO, 
was blown off with a blast of CO.-free air, and the contents were 
then titrated with 0.01 ~ NaOH to match the color of a similar 


flask at pH =7.2. 


' Van Slyke, D. D., Stillman, E., and Cullen, (. B., J. Biol. Chem., 
1919, xxxvini, 167. 
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VARIATION IN THE CHOLESTEROL CONTENT OF THE 
SERUM IN PNEUMONIA. 


By HAROLD A. KIPP.* 


(From the Pathological Laboratories, University of Pittsburgh, Pittsburgh.) 
(Received for publication, July 20, 1920.) 


The cholesterol content of the serum in acute inflammatory 
processes in the body has been found to undergo certain varia- 
tions. A rather common agreement is found among various 
workers that the cholesterol content of the blood is decreased 
during the progress of the acute inflammatory process in the body 
and that it rises to normal or above normal during the period of 
convalescence. The fact that cholesterol possesses certain anti- 
toxic and antihemolytic properties gives a particular interest to 
the variation in cholesterol in the serum in these acute infections, 
where the body is subjected to toxie products of invading bacteria 
and to the degeneration products of tissue destruction during the 
inflammation which ensues, 

The purpose of this work was to determine the variation in 
the cholesterol content in the serum of patients with lobar pneu- 
monia and to ascertain if possible the cause of this variation and 
the relation it bears to the inflammatory process. 

Wacker and Hueck (1) report a decrease in the cholestero! 
content of the blood in acute infections, cavernous phthisis, and 
uleerating tumors. The acute inflammatory complication of the 
last two is probably analogous to the first in its influence on the 
cholesterol content of the blood. Chauffard, Richet, and Grigaut 
(2) state that in tuberculosis the cholesterol content of the blood 
depends upon the character of the disease, whether apyretic or 
febrile. In the afebrile tuberculosis it remains normal, while in 
the febrile form the cholesterol content of the blood is constantly 
lowered, and markedly so when the general condition is very bad 
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or the fever very high. The depression of the cholesterol in the 
blood is evidently proportionate to the intensity of the disease. 

In following the variation in the cholesterol content of the 
blood in the course of typhoid fever, Chauffard, Laroche, and 
Grigaut (3) found that a primary hypocholesterinemia is sue- 
ceeded by a gradual rise above the normal content, attaining a 
maximum on the 27th to the 56th day, before the patient is 
placed on an increased diet, and falling again to a normal figure 
on approximately the 73rd day. A sharp fall in the cholesterol 
content of the blood occurred in relapses and in perforation. 
This sudden lowering of the cholesterol content in acute infee- 
tions, concomitant with the perforation or in reinfection with the 
tvphoid or other organisms in the case of the relapse, is no doubt 
identical with the same variation in other acute infections. 

In cases of obstructive icterus where as a rule the cholesterol 
content of the blood is increased, Rothschild and Felsen (4) find 
that this increase does not take place when associated with 
acute infections. Denis (5) found a marked diminution of 
cholesterol in the blood in acute infections, with a rise to normal 
in convalescence. However, no consecutive analyses through 
the course of the diseases were recorded. Isolated determina- 
tions showed from 129 to 151 mg. of cholesterol per 100 cc. of 
blood bcfore crisis in pneumonia and 166 mg. per 100 ec. of 
blood after crisis. The cholesterol content of the blood in two 
‘cases of bronchopneumonia was recorded as 151 and 171 mg. per 
100 ce. of blood, in the acute stage of the disease. In a case 
of pleuritis 279 mg., and in one with effusion, the character of 
which was not recorded, there were found 145 mg. of cholesterol 
per 100 ee. of blood. On account of the wide variation even in 
the normal cases it is evident that single analvses of blood or 
its component parts for the cholesterol content can give at best 
only a relatively accurate idea of the variation of cholesterol in 
the patient’s blood. This emphasizes the necessity of serial 
analyses on the same patient in different stages of the disease. 

All the foregoing results demonstrate the fact that cholesterol 
is diminished in that stage of disease where an acute inflamma- 
tory reaction is In progress in the body. The lowering of the 
cholesterol content of the serum at a time when the immune 
reactions of the blood are low in serum and rising again after 
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erisis when various defense reactions are appearing in the blood 
and the patient is overcoming the disease, suggest a possible 
relation of cholesterol in the blood to the immune state and the 
recovery from pneumonia. 

Heretofore the antitoxic property of cholesterol has been of 
interest and studied in connection with its ability to inhibit the 
hemolysis of erythrocytes by various hemolytic and toxic agents, 
such as oleates (6, 7), tetanolysin (8), and of importance in this 
investigation the pneumococcus hemotoxin (9). © Chauffard and 
coworkers (2) suggested that the rise in the cholesterol content 
of the blood in typhoid convalescence is an index of its antitoxic 
action and parallels the acquisition of a degree of immunity in 
the disease. That the action of cholesterol in the recovery from 
disease is dependent upon its antitoxic properties has not, how- 
ever, been demonstrated. Its possible réle in the production of 
immunity in the body is given further light by the work of War- 
den (6) who found that the addition of cholesterol to fat antigens 
consisting of the sodium salts of specific fats of bacterial cells 
enhanced the value of the antigens. He also states that an 
antigen prepared from the cholesterol esters of fatty acids of 
pneumococci, injected into rabbits, gave rise to antibodies which 
gave greater protection to rabbits than those of sodium and 
lithium esters (10). This work is borne out by that of Morato 
and Villanueva (11), who state that the mixture of cholesterol 
with typhoid vaccine before injection into rabbits seemed to 
hasten and enhance the production both of antibodies and agglu- 
tinins and to reduce the general reaction to the antitvphoid 
vaccine, These authors state that the administration of choles- 
terol in toxie infections where the blood cholesterol is low ts 
apparently beneficial. 

With this review of the apparent action of cholesterol as an 
adjuvant in the production of passive immunity, the question 
arises of the type or character of immunity developed in human 
blood in pneumonia. We have the work of Clough (12), who 
finds that after crisis or lysis in acute lobar pneumonia the serum 
of the patient develops definite though feeble protective power 
for mice, against homologous strains of pneumococci isolated 
from the patient whose serum was being tested. This activity 
was not demonstrated in the active stages of the disease in the 
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serum, nor was it present in fatal cases. In six out of eleven 
‘ases In the convalescent stage a phagocytic activity was shown 
which paralleled the protective power of the serum. Phago- 
cytosis 7n vivo paralleled phagocytosis in vitro. Another factor, 
suggested by Lord (13), may be of considerable importance in 
bringing about crisis and resolution of the pneumonic process. 
He attributes the recovery to local biochemical changes, in the 
course of which the acid death-point of the pneumococcus is 
reached. 

Chickering (14) found agglutinative activity developed only at 
or near crisis. This agglutinative activity was limited to homol- 
ogous type strains with which the patient was infected. This 
development of homologous agglutinins is also seen in the work 
of Warden (6), who found that the animal body is sensitive to 
minute variations in the fat complexes of certain bacterial cells 
and can distinguish between related members of the same species. 

The important part taken by the leucocytes in the resistance of 
animals to experimental pneumonia has been shown by Kline 
and Winternitz (15). Animals treated with benzene, a leuco- 
toxin, rapidly succumb to the disease and those treated with 
toluene, which causes no leucopenia, showed no decreased resist- 
ance. Nutrose induced hyperleucocytosis before infection appar- 
ently increased the resistance of the animals. In fatal cases 
where pneumococci had been injected intravenously in the dog, 
Bull (16) found that there was little phagocytosis, while in the 
convalescent cases the pneumococci were actively phagocyted. 
The leucopenia of influenza infections is in direct agreement with 
the above findings for in these cases pneumonia was prone to 
complicate the clinical course of the disease. 

In a study on the experimental production of pneumonia in 
monkeys, Blake and Cecil (17) found that the onset of the dis- 
‘ase is accompanied by an initial leucoeytosis. This preliminary 
leucocytosis, which was polymorphonuclear in character, usually 
began within 6 hours after the injection of the pneumococci 
intratracheally, and reached its maximum within 24 to 48 hours 
later. Following the preliminary rise in leucocytes there was 
noted a constant fall in the curve. The rapidity and extent of 
this fall seemed to bear a direct relation to the severity of the 
disease and the degree of pneumococcus invasion of the blood. 
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In cases progressing to recovery, the leucoecytic curve instead 
of continuing progressively downward turns upward again and 
rises in the latter half of the disease until crisis occurs, when it 
again falls to normal. It is worthy of note that the leucoevtes 
are relatively few in number in the blood at the time when cho- 
lesterol is lowest and that as they increase in the latter half of the 
disease cholesterol is found in increased quantity in the blood 
serum. | 

With the increase in the phagoeytie power of the leucocytes at 
the time of and following crisis, the part that these elements of 
the tissues and blood play in the resistance of the body to infee- 
tion and recovery from the pathological state produced by the 
presence of parasites and their toxic agents in the body, assumes 
a position of interest and importance. The definite relation 
between the activity of the leucocyte and resistance to and recov- 
ery from the disease is shown in the foregoing work and what- 
ever other factors may be concerned in the mechanism of recov- 
ery from pneumonia, the white blood cells play a leading réle. 

The fact that leucocytes contain a considerable amount of free 
cholesterol, five times as much as the erythrocytes (1), is of inter- 
est in that its presence in the leucocytes may indicate the part 
that cholesterol plays in phagocytosis in acute infections in the 
neutralization of toxic substances phagoeyted by the leucocytes, 
so that their vitality is prolonged. That cholesterol appears to 
accumulate in the white blood cells during their phagocytic 
activities, in the course of acute inflammatory processes, follows 
from the analyses of Lilienfeld (18), who found 4.4 per cent of 
cholesterol as a component of the solids of normal leucocytes 
obtained from thymus.  Halliburton’s (19) analysis of two 
samples of dried pus cells by the same method gave cholesterol 
7.4 and 7.28 per cent or approximately twice the content of the 
normal cells from thymus. Schiifer states that this large increase 
in the cholesterol along with the increase of lecithin and fat is in 
agreement with the demonstration of fattv degeneration by the 
microscope. 

Further support of this premise suggesting the relation between 
the phagocytic activity of the leucocytes and the cholesterol is 
found in the work of Klotz (7), who states that the phagocytic 
activity of the vascular endothelium for fat is enhanced by the 
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presence of cholesterol. Moreover Chauffard, Richet, and 
Cirigaut (20) suggest that, because of its colloidal nature, the 
variation in cholesterol in the blood serum is related to the activ- 
ity of the cells, as seen in the localized concentration of choles- 
terol in atheromata and xanthelasma, 

With this conception of the relation between the phagocytic 
activity of cells and the cholesterol content of the serum, atten- 
tion is drawn to the work of Christian (21), who showed that 
numerous polymorphonuclear leucocytes seen in the lung in the 
stage of gray hepatization contain a large amount of fatty mate- 
rial which differs in some respects from the body fat. The 
presence of such a large amount of fatty material in the lung at 
this stage of the disease allows the accumulation of a considerable 
amount of fatty acids which are unsaturated and toxic and are 
largely of the oleic acid type (22). 

That the exudate of human pneumonic lungs in the stage of 
gray hepatization is extremely toxic for guinea pigs and rabbits, 
on intravenous or intramuscular injection and markedly hemo- 
lytic for guinea pig erythrocytes, has been shown by Solis-Cohen, 
Weiss, and Kolmer (23). These toxic substances in the lung in 
the stage of gray hepatization with early autolysis of the exudate 
are largely removed by passage through the Berkefeld filter and 
their hemolytic activity is neutralized by antipneumococcus 
serum and normal rabbit serum (24). 

These authors who determined the toxicity of the lung extracts 
believe that the toxic principles are related to the protein frac- 
tion of the exudate, but in view of the toxicity possessed by the 
unsaturated fatty acids and their esters, a study of the lung in 
the stage of gray hepatization stained with Sudan IIL will impress 
the observer with the reasonable probability of the toxicity being 
in part dependent upon the presence of the large amount of for- 
eign fat which is contained in the lung at this stage of the disease. 

Typical lobar pneumonia having a rather distinet clinical 
picture offered a good type of acute infection for studying the 
varving content of blood cholesterol during the different stages 
of the disease. Unfortunately the bronchopneumonic type of 
the disease was the more prevalent and difficulties were presented 
in establishing a definite relation of the cholesterol content of 
the’serum to a certain stage of the disease with a varying clinical 
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picture. Although the number of cases presented is insufficient 
to establish a constant curve, certain results have been obtained 
which express the variation of cholesterol in the early and con- 
valescent stages of the disease. 

lor the determination of the cholesterol content of blood serum 
in the course of pneumonia specimens of blood were obtained 
from patients in the wards of the Mercy and St. Francis Hos- 
pitals, through the kind cooperation of the laboratory services 
of these institutions. After rimming the blood, the serum was 
allowed to separate and was kept in the refrigerator until the 
estimations were performed, 

The method used in the determinations of the total cholesterol 
in the serum was essentially that of Bloor (25) and as later modi- 
fied by him (26). On account of slight modifications which may 
be helpful, a brief résumé of the method is given. 


The clear serum was used. The quantity varied from 1 to 3 ee. The 
serum, in a slow stream of drops, was delivered from a calibrated pipette, 
into a 100 ec. volumetric flask which contained about 70 cc. of a mixture of 
one part of redistilled sulfuric ether to three parts of redistilled 95 per cent 
ethyl alcohol. After thorough shaking, this material was heated to boil- 
ing with constant agitation on a water bath and allowed to stand well 
corked for 24 hours. The quantity was then made up to 100 ce. by the fur- 
ther addition of the aleohol-ether mixture, mixed well, and filtered into a 
clean glass bottle, which contained about 5 gm. of anhydrous sodium sul- 
fate, for the purpose of removing coloring material. The extract was 
mixed well with the sodium sulfate and allowed to stand well corked 
for 24 hours. 

According to the quantity of serum used, 10 to 30 ce. of this alcohol- 
ether extract were delivered by a calibrated pipette into a 60 ec. glass beaker 
and evaporated to almost dryness on an electric hot plate. The drying 
was completed in a desiccator over caleium chloride. The cholesterol was 
estimated in triplicate samples of the aleohol-ether extract, of each speci- 
men of serum. 

The dried extracts were then taken up in about 10 ce. of chloroform 
Merck's c.p. (redistilled), and boiled down to a small volume for three or 
four successive times. The chloroform extract was decanted each time into 
a calibrated measuring cylinder, and the quantity was finally made up to 
5 ec. by the addition of the chloroform. The standard was prepared from 
a solution of Kahlbaum’s cholesterol, 2 gm. in 200 ce. of chloroform. 10 
ec. of this standard were added to chloroform in a 100 ec. volumetric flask 
and the quantity was made up by the addition of chloroform to 100 ec. at 
20°C. These standard solutions were kept in the refrigerator to prevent 


evaporation or deterioration on exposure to light. 5 ec. of this standard 
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were added to a stoppered measuring cylinder for each estimation. After 
the addition of 2 ec. of Merck’s acetic anhydride (colorless) and 0.1 ce. 
of concentrated sulfuric acid, the cylinders were placed in a water bath at 
a constant temperature of 22°C., for 15 minutes. Thecontentsof the cylin- 
ders were then placed in the cups of a Duboseq colorimeter and the unknown 
was compared with the standard at 15. The comparison could in a major- 
ity of instances be read at this place. The presence of a brownish colora- 
tion was noted, but it did not seriously interfere with the readings. The 
amount of cholesterol was then computed in milligrams per 100 ce. of 
serum, 


In ‘Table I are given results in which two or more determina- 
tions on different days of the disease were obtained of the cho- 
lesterol content of the serum. The clinical notes accompanying 
the analvses were obtained from the patients’ chart as recorded 
~ by the physicians in attendance on the ease. 

Table IT gives a series of eases in which only one specimen of 
serum was available for analysis, with the exception of two cases 
which showed no variation in the cholesterol content of the serum. 

In Table III are given three cases of pneumonia which devel- 
oped empyema. 

In Table IV are the results of analyses of a number of pleural 
exudates and of one empyema of gall bladder. These exudates 
varied in character. The analyses showed the difference in the 
cholesterol content of the fluids and the cellular portion of the 
exudate which is probably similar to that of the exudates in the 
lung in the stage of gray hepatization, and presents a more readily 
available form of material upon which estimations are made in 
the same manner as with the blood serum. 


DISCUSSION, 


Cases 1, 2, 3, 5, and 6, in which the patients developed a well 
defined pneumonic consolidation, showed a subnormal cholesterol! 
content in the serum in the acute stage of the disease and a much 
higher cholesterol content during convalescence when resolution 
in the lung had been in progress for some time. Case 7 showed 
a variation in the cholesterol content of the serum from a low 
figure before resolution to a hypercholesterinemia in the course of 
convalescence, which was later succeeded by a return to a normal 
content. The variation in this case resembles very much the 
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contour of the curve which Chauffard (3) established in typhoid 


fever. Case 10, with a continued high temperature and with 


resolution progressing in the lung, showed a rise in the cholesterol 
content of the serum paralleling the process of resolution of the 
pneumonic exudate. Cases 4 and 13 demonstrate a return to 
normal in the cholesterol content of the serum subsequent to a 
hypercholesterinemia. The difference in time of the return of 
the cholesterol content of the serum to normal in these two 
cases and in Case 7 indicates that there is a marked difference in 
the cholesterol variation in each individual case, dependent upon 
the intensity of the disease and the extent of the inflammatory 
reaction. 

Although each case showed a primary hypocholesterinemia 
with a rise in the cholesterol content of the serum in convales- 
cence, a hypercholesterinemia in convalescence is demonstrated 
only in Cases 4, 7, and 13. The tendency of the variation of the 
cholesterol content of the serum in the other cases is also toward 
a hypercholesterinemia in convalescence and probably this 
variation obtains in the majority of cases where there has been a 
considerable degree of consolidation of the lung. 

The list of cases in which single analyses were available sub- 
stantiates the general findings in the cases in Table I. In three 
fatal cases, the cholesterol content of the serum was very low, 
and in the case with the greatest amount of Jung involvement, 
the depression was lowest. ‘This finding suggests that the depres- 
sion of the cholesterol content of the serum is dependent upon the 
amount of involvement of the lung and may also indicate an 
increased utilization of cholesterol in the more severe cases. 
In Case 3A, which recovered, there was a marked lowering of 
the cholesterol content of the serum during the acute stage of 
the disease with a large area of lung tissue involved. In Case 
7A, with a definite consolidation of one lobe, the temperature 
coming to normal on the llth day of the disease, a hypercho- 
lesterinemia was present on the 17th day. 

In the two cases noted, one during the acute stage of the dis- 
ease and the other in convalescence in which there was no con- 
solidation, there was no change in the cholesterol content of the 
serum. These figures again support the probability that the 
cholesterol content of the serum in pneumonia is dependent upon 
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and parallels the activity of the white blood cells in their par- 
ticipation in the formation of the exudate at the site of the acute 
inflammatory process. 

Blake and Ceeil (17) have determined the curve of variation 
of the leucocytes in the blood in the course of experimental 
pneumonia. In superimposing the results of our determinations 
of the cholesterol content of the blood upon this curve, it is 
remarkable how closely they coincide. The initial leucocytosis 
of short duration with a subsequent fall parallels the lowering of 
the cholesterol content of the serum. The leucocytes at this 
time are gathering at the site of the acute inflammatory process. 

The lung exudate in the stage of gray hepatization has been 
shown to be toxic for animals. The presence of the large amount 
of fattv substances in this exudate suggests this abnormal fat as 
responsible in part for the toxicity. The cholesterol existing in 
the serum as a readily available neutralizing substance in a 
colloid state is removed from the serum by the phagocytic leuco- 
cytes, and participates in the inflammatory process as a com- 
ponent of the white blood cells. At the site of the acute inflam- 
mation it performs the function of neutralizing the toxins of the 
organisms and the toxic products of the disease process. The 
subsequent rise in cholesterol in the serum is seen when the 
leucocytes are returning to the general circulation. 

In the three cases of empyema presented, it is seen that the 
development of this complication in the course of the pneumonic 
process delays the return of the cholesterol in the serum to a 
normal figure. In addition, the cholesterol content of the serum 
is lower, on an average, than the depression of this substance 
in the serum in the uncomplicated pneumonia. In the fatal 
cases the marked lowering of the cholesterol again suggests an 
increased utilization of cholesterol with the extension of the 
inflammatory process. 

Cholesterol is a substance which is strictly conserved by the 
animal organism. Dorée and Gardner (27) state that part of 
the cholesterol in bile is derived from the breaking down of the 
blood and tissue cells which contain a relatively large amount 
of it. Analogy may be drawn to this in the explanation of the 
variation of the cholesterol in the blood stream in the consolida- 
tion of the lung, where there is lysis of the cells of the exudate at 
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the time of resolution, and in the formation of purulent exudates 
in empyema. 

Analysis of the empyema fluids shown in Table IV demon- 
strates that the exudates containing a large number of pus cells 
possess from two to three times the amount of cholesterol found 
in the relatively acellular fluids. The exudates which contained 
few cells contained considerably less cholesterol than is found in 
normal serum showing that the presence of cholesterol in the 
exudates is related to the cellular constituents. In these richly 
cellular exudates, moreover, it was found that the fluid portion 
of the exudate contained even less cholesterol than the acellular 
fluid, indicating an accumulation of cholesterol by the cells of the 
fluid. Lilienfeld’s (1S) analyses show the accumulation of 
cholesterol in these pus cells. The enrichment of the cells of the 
exudate in cholesterol probably indicates on the other hand that 
these cells adsorb a considerable amount of cholesterol fromthe 
serum before migrating to the site of the acute inflammation. 


CONCLUSIONS, 


1. The cholesterol content of the blood serum in pneumonia 
exhibits the following variations: 

(a) A primary hypocholesterinemia, the degree of which is 
dependent upon the degree of lung involvement and the intensity 
of the infection. 

(b) A secondary hypercholesterinemia in the period of con- 
valescence, during and continuing for a varying period of time 
after the resolution of the pneumonic exudate. 

(c) A return to the normal cholesterol content of the seruin. 

2. The variation in the cholesterol in the blood serum in pneu- 
monia is dependent upon the activity of the leucocytes and being 
transported by them to the area of acute inflammation acts as an 
antitoxic substance, neutralizing the bacterial toxins and those 
arising from the disintegration of tissue in the process of the 
inflammatory reaction. It also may serve as an adjuvant in the 
development of antigens which initiate the process of resolution 
of the pneumonie exudate. 

3. The utilization of cholesterol in acute toxie infections is 
directly proportional to the severity of the disease. 
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4. The development of empyema definitely alters the variation 


of cholesterol in the serum in pneumonia. 


It is a pleasure to express my sincere thanks to Dr. Oskar 
Klotz for suggesting the subject of this research and for his 
supervision throughout the course of the work. 
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THE NATURE OF CHLORINE COMBINATION IN 
URINE. 


By A. T. CAMERON anp AML. S. HOLLENBERG., 


(From the Department of Biochemistry, University of Manitoba, Winnipeg, 
Canada.) 


(Received for publication, September 13, 1920.) 


Neuberg! states that Berlioz and Lépinois,? and other Trench 
writers found chlorine present in urine partly in organie combina- 
tion. Later investigators’:* denied this. Baumgarten’ obtained 
results indicating that 0.04 to 0.2 em. of organic chlorine is excreted 
daily in the urine; the maximum found amounted to about 10 
per cent of the total chlorine excretion, and was independent of 
the amount of sodium chloride in the diet and the temperature 
of the individual. We have been unable to find any more recent 
work dealing with the possible presence of organic chlorine in 
urine, 

Baumgarten’s method consisted in treating urine with sodium 
nitrite and fuming nitrie acid (to reduce chlorates), adding excess 
of silver nitrate and filtering in darkness, and, after removal of 
excess silver, concentrating to one-third, again filtering, and 
heating the filtrate in a retort with concentrated nitric and 
sulfurie acids free from chloride. The distillate was collected in 
a dilute silver nitrate solution, and silver chloride was precipi- 
tated in this corresponding to the amounts of chlorine indicated 
above. This chlorine was considered to be in organic combination. 

We have repeated Baumgarten’s procedure with completely 
negative results. 


Neuberg, C., Der Harn sowie die tibrigen Ausscheidungen und Wor- 
perfliissigkeiten von Mensch und Tier, Berlin, 1911, 1, 112. 

Berlioz, A., and Lépinois, E., J. pharm. et chim... ISO4, xxix, 28S. 

‘Ville, J., and Moitessier, J., Compt. rend. Soc. biol., 1901, lin, 675, 

Meilliére, G., Compt. rend. Soe. biol., VOOL, litt, 

Baumgarten, O., Z. erp. Path. u. Therap., 1908-09, v, 510. 
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Chlorates and perchlorates do not appear to occur normally in 
urine, and when administered are excreted in the urine unchanged 
and almost quantitatively within 48 hours.© We have confirmed 
the absence of chlorine oxy-acids from normal urine by the follow- 
ing procedure. 

‘The halide content of 20 ce. of urine was precipitated as silver 
chloride in the presence of nitric acid, the precipitate was col- 
lected on a Gooch erucible, washed with distilled water, and dried 
at 100°C. to constant weight. Another 20 ce. of urine was 
treated with nitrite and fuming nitric acid, allowed to stand for 
some hours, and then the halide content estimated as just described. 
The results indieate that chlorine oxy-acids can be considered as 
absent from normal urine (Table 1). 


TABLE I. 
Subject N (hloride-chlorine in 100 ce, | Chlorine and oxy-acid chlorine 
urine. in 100 ec. urine. 
| ym. gm. 
0 7832 | 0.7837 
7S37 | 0 7843 
2 0 6226 | 0 §233 
0 6220 0 6225 


5605 


We have made a careful comparison of the chloride (halide) 
content and the total ehlorine (halogen) content of urine. The 
halide in 20 ec. of urine was estimated as usual. The total 
halogen was estimated by evaporating 20 cc. of urine with 10 gm. 
of solid sodium hydroxide, heating the fused mass with additions 
of very small quantities of potassium nitrate until all organic 
matter was oxidized, dissolving in water, and estimating the 
halide as silver chloride as usual. The results are given in Table II. 

The slightly greater differences with the pathological urines 
were probably due to difficultly filterable organized matter, 
retained in the Gooch erucible but destroved during fusion. The 
close agreement indicates the absence of organic chlorine. 


Heffter, A., Ergebn. Phystol., Ite Abt., 1903, i1, 10S, 
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TABLE IL. 


(hloride-chlorine in Total chlorine in 


Subject No. | Condition. | 

pure qm. 
Normal. | 1.08355 1 
| 1.0836 1.0831 
1.0831 1 OS34 
2 | 0 6227 0 6235 
0 6216 0 6232 
4 | 0 9383 | 9565 
| 0 9358 0 
5 | | 0 9451 | 0 D449 
| | DUT 0 OFH 
Tubereular. | 0 3034 | 0 3028 
| 0 3041 | 0 3037 
| 0 4880 | 0 4864 

| 

| 4480 | 4474 
| | O 4477 | 0 4476 
9 | | 0 367 | 0. 3637 


* A fresh sample. 


All our figures are for halogens and halides (estimated as 
chloride). As under normal conditions only traces of bromides 
and iodides are present in urine, the results can be considered in 
terms of chlorine and chloride. 

We conclude that in the absence of chlorate or similar medica- 
tion chlorine occurs in urine as chloride only; organie chlorine 
and chlorine oxy-acids are absent. 
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THE FAT CONTENT OF EMBRYONIC LIVERS. 


By ©. G. IMRIE S. G. GRAHAM, 


(From the Department of Pathological Chemistry, University of Toronto, 


Toronto.) 


(Received for publication, August 23, 1920.) 


Fatty infiltration of the liver may be produced experimentally 
in animals by the injection of such substanees as phlorhizin, 
mvristicin, and oil of pulegone; also by fasting. The fat which 
accumulates in the liver under such conditions is believed to be 


derived from the subcutaneous tissues and other depots where . 


fat is stored, for it has been shown that as the fat accumulates 
in the liver it resembles more and more in its degree of desatura- 
tion the fat of the connective tissue. This may be readily shown 
by a determination of the todine value of the higher fatty acids 
extracted from the particular tissue. The histologically invisible 
fat which is normally present in the liver and other organs of 
animals and which enters into the physical structure of the cell, 
is much less saturated and has therefore a higher iodine value 
than the fat deposited in comparatively inert form in the con- 
nective tissue. As the amount of fat in the liver increases, the 
iodine value is lowered until in livers where large amounts of fat 
are present the iodine value of the fat very closely approximates 
that of the connective tissue fat. 

While engaged in the study of the changes thus effected in the 
organs of animals, it seemed desirable to extend the observations 
to pregnant animals and to determine the relation in which the 
embryonic liver stood to mobilized fat. It seemed reasonable to 
suppose that the embryonic tissue might possess an avidity for 
food material such as fat and that this might evidence itself by a 
greater accumulation of fat in the embrvonic than in the maternal 
liver, if the fat were mobilized experimentally. 
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EXPERIMENTAL, 


Because of their convenient size and prolific tendencies, guinea 
pigs were selected for the observations. The higher fatty acids 
were determined by the method of Leathes (1) and the iodine 
value by the method of Wys (2). 

A few preliminary determinations showed that the percentage 
of fat in the embryonic liver was not constant, but varied with 
the age of the embryo. The livers obtained from young embryos, 
weighing about 10 gm., histologically and chemically resembled 
the adult hepatic tissue, in so far as their fat content was con- 
cerned, whereas in embryos fully developed the liver was vellow 
in color and chemically showed a large accumulation of fat. 
These findings suggested a physiological infiltration of fat in 
the embrvonic liver during development, and obviously, if such 
were the case, it was necessary to establish its nature before cor- 
rect interpretations could be made of observations under experi- 
mental conditions. 

In order to ascertain the nature of this fat accumulation, 
pregnant animals in various stages of gestation under normal 
conditions were killed, and the liver tissue was examined as pre- 
viously described. Where the embryos were very small, the 
livers from the members of one litter were pooled and one deter- 
mination was made upon the lot in order to obtain, if possible, 
sufficient fatty acid for an accurate todine value determination. 

In Table I the results from twenty-two guinea pigs are recorded. 
They are arranged in the order of the increasing weights of the 
embrvos. In nineteen instances, the values obtained from the 
maternal livers are also given. The weight of the embryo has 
been employed as an indication of its age, and this, while for 
obvious reasons somewhat unsatisfactory, has proved sufficiently 
accurate for our purpose. 

These figures show quite definitely that a fatty infiltration 
takes place in the livers of embryo guinea pigs. Until the embryo 
reaches an age corresponding to a weight of about 40 gm., there 
is little or no evidence of this, but as its weight increases beyond 
this the increase in fat is verv marked. The average fat value of 
the liver in embryos under 40 gm. in weight is 3.16 per cent, 
whereas in embrvos over 40 gm. in weight it is 13.10 per cent. 
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It seems that the rate of infiltration is most marked during that 
period of development represented by weights of 40 to 60 gm. 
In Table II, the figures have been obtained in the following 
way. The embrvos have been divided into nine groups accord- 
ing to their weights. Group 1 ineludes those under 10 gm.; 
(;roup 2 includes those over 10 gm. and under 20; Group 3 those 
over 20 gm. and under 30; and so on, while Group 9 ineludes 


TABLE I. 


| livers. | Maternal livers. 


| Todine value. | Iodine value 
gm | percent — | | percent | 
3.0 | 2 39 | | 1 86 | 117 
6.0 3.40 117 
13.0 3.35 114 2? 03 122 
13.0 3.08 102 2.50 111 
23.5 S4 98 2 31 123 
°4.0 2 40 106 2.34 120 
29.0 3.63 105 2.15 116 
32.0 4.12 113 2.25 114 
37.2 2.88 15 2 24 120 
42.0 5.06 107 2.14 126 
50.0 9 60 110 1.17 115 
55.5 14 29 112 1.69 123 
64.0 12.27 109 1.69 123 
68.0 |  15.8D 2 66 120 
70.0 12.00 103 
72.0 11.46 101 1.81 
72.0 14.60 g2 3.54 
73.0 15.70 
0 16.15 105 3.03 Ot 
101.0 | 38.14 100 | 2 41 118 
117.0 | 15.22 102 | 


those over 90 gm. In each group, the average weight of the 
embryos, the average fat content, and iodine value of the embry- 
onie and maternal livers have been calculated and expressed. 
The infiltration of fat into the embryonic livers is well demon- 
strated in these averages. 

It is of special interest to note that this infiltration is not 
associated with any such change in the maternal liver. The 
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highest fat value in the maternal livers in the series was 3.54 
per cent, and in only three instances were the values over 3 per 
cent. The average fat content of the maternal livers in animals 
with embryos under 40 gm. in weight was 2.26 per cent, while 
that obtained in animals with embryos over 40 gm. in weight 
was 2.24 per cent. Thus, the average amount of fat in the 
embryonic liver may increase from 3.16 per cent in the first period 
to 13.10 per cent in the second period, as previously mentioned, 
while in the maternal liver the average amount of fat remains 
practically unaltered. This seems to indicate that the infiltration 
of fat in the embryonic liver is an embryonic process and that this 
organ possesses an avidity for fat not possessed by the maternal 
liver at that time. ; 

TABLE 


embrvonic livers Maternal livers. 
Average weight 
(iro ip No of embryos 


Average higher Average iodine Average higher Average iodine 


futty acids value. fatty acids value. 
gm. per cent per cent 

4.8 2.26 | 109 
2 0 | 10S 2.24 lit 
3 25.5 | 2 103 2.26 
s | 3462 3.50 224 
5 | 12 00 5 06 107 2.14 126 
52 50 11 O05 lit 1 4 119 
ri 30 35 Lin) 2 OD LIS 
9 402-70 15 50 272 10K 


A consideration of the iodine value affords a point of interest. 
The average iodine value of the fat in the livers of embryos under 
40 gm. in weight is 109.) Some of the figures from which this 
average has been cealeulated are probably a little low beeause in 
those particular instances the livers were too small to provide an 
adequate amount of fatty acid for an accurate iodine value deter- 
mination. However, even allowing for this, the evidence in favor 
of the point which we wish to bring out is sufficiently convincing. 
The average iodine value of the fat in the livers of embryos over 
40 gm. in weight is 104.) In brief, therefore, while in embryos 
under 40 gm. in weight the average higher fatty acid content of 
the liver amounts to 3.16 per cent having an iodine value of 109, 
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in embryos over 40 gm. in weight the average higher fatty acid 
content of the liver is 13.10 per cent having an iodine value of 
104. This accumulation of fat in the embrvonic liver is not 
accompanied by any marked decrease in the todine value or 
approach to the value found in the connective tissue fat of the 
guinea pig which is S85. 

As previously mentioned, it is known that, in the human liver 
and in that of other animals such as the dog and cat, an infiltra- 
tion of this organ with fat is accompanied by a lowering of the 
iodine value of the fat. As has been shown by Imrie (3), the 
actual values in human cases approach very nearly to those which 
mav be calculated, if it is assumed that the fat found over and 
above the average value had an todine value similar to that of 
the connective tissue fat. 

The difference between the above average fat values of 3.16 
and 13.10 per cent is 9.94 per cent. If we assume that this was 
fat infiltrated from the connective tissue and having an iodine 
value of 85, and added to the 3.16 per cent having the mean 
iodine value found, namely 109, the resulting todine value should 
be 91; but instead it is 104.) In only one instance does the value 
actually obtained coincide with the theoretical value and in this 
particular instance there is evidence of some fatty infiltration in 
the maternal liver, the intluenee of whieh we shall discuss later. 
This seems to show, therefore, that the fat is less saturated than 
would be the case if the access of fat were due merely to an influx 
of connective tissue fat. 

Leathes and Mever-Wedell (4) believe that it is a funetion of 
the liver to desaturate fat brought to it, to introduce double 
linkages into the molecule, and thus prepare it for subsequent 
oxidation. When a fatty infiltration occurs owing to an abnormal 
influx of connective tissue fat, the liver falls into arrears in its 
work, the fattv acids are no longer desaturated to the normal 
extent, and a low iodine value is accordingly found. 

The results here given, however, seem to indicate that at a 
certain stage in the development of the embryo there is a very 
marked increase of fat in the liver and this fat has not the char- 
acter of connective tissue fat. The explanation of this difference 
may be either that the embryonic liver can desaturate larger 
amounts of imported fat than the liver in extrauterine life or that 
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the fat taken up by the liver of the embrvo is fat which has 
already been desaturated by the maternal liver or other tissues. 

Having observed this physiological infiltration of fat, the next 
point we considered was the ultimate fate of this fat. If the 
purpose of this accumulation of fat was to provide a readily 
available source of food for the embrvo, to be utilized immedi- 
ately after birth, it seemed reasonable to suppose that the fat 
would decrease rapidly during the first 2 or 3 days of extrauterine 
existence. 

The fat content of the livers of embryos, members of the same 
litter, is comparatively uniform. In Table III are recorded the 
results obtained from the examination of four litters. 


TABLE 


Higher fatty acids 


« 


Litter No Weights of embryos. to Monee lodine value 
gm. per 
55.5 | 14.29 | 110 
| 12.47 | 109 
9 70.0 | 12.00 | 103 
72.0 | 11.46 | 101 
| | 
3 72.0 | 16 | 92 
73.0 | 15.7 | 
LOL 14 100 
0 15.22 102 


Litters of guinea pigs after birth were examined in the following 
manner. One guinea pig was killed about 16 hours after birth, the 
second guinea pig of the same litter was killed 24 hours after the 
first, and the third guinea pig, when such existed, was killed 24 
hours after the second. In each case the fat content of the liver 
and its iodine value were determined. In all, eight litters were 
examined. Four of these were composed of three guinea pigs 
and four of two guinea pigs. The results are recorded in Table IV. 

In each litter there is a marked decrease in the fat values during 
the first 2 or 3 days of life. Litters 1, 2, and 8 show this very 
strikingly. The decrease found in Litter 8 is most marked. 
An exceptionally high value for the fat in the liver in this instance 
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was found, but even so, in 3 days, the value had dropped to that 
which is normal for extrauterine life. 

We now proceeded to carry out the experiments which we 
originally intended to do; that is, to mobilize the fat in pregnant 
animals and to observe the changes thereby effected in the mater- 


TABLE IV. 
Litter No. lage of guinea pig. Weight. lodine value. 
1 | 16 18.49 | 101 
| 40 | 60 7.63 105 
tt 79 6.33 104 
2 12 | 78 13.5 104 
36 | Sb 4.19 110 
60 | 87.5 | 3.97 128 
| 
3 16 | 98 9.09 106 
38 | O1.5 3.89 106 
4 20 Ea 13.56 110 
5.53 108 
5 | 30 63 | 7.33 107 
SA oo 4.88 106 
| SO S5 | 3.38 111 
6 | 30) 85 5.17 | 109 
48 70 3.40 | 100 
7 4 | 78 15.5 110 
iS | 70 5.93 114 
S | 16 | @ 25, 60 88 
| 40 | 74 15.97 9] 
| SO 77.5 2.53 108 


nal and embryonie livers. Because of the normal infiltration of 
fat in the liver which takes place during the later period of gesta- 
tion, animals were selected in which the embryos were below 40 
gm. in weight. The mobilization of fat was effected in these 
animals by (1) fasting, (2) injection of phlorhizin, and (3) a com- 
bination of (1) and (2). At the end of the experimental period 
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the animals were killed and the fat determinations made as in 
the previous experiments. Protocols of the experiments are now 
given. 


Erperiment 1.--Pregnant guinea pig. Weight 610 gm. Received three 
doses of 0.05 gm. of phlorhizin subcutaneously at intervals of 24 hours. 
During the whole period the animal was fasted but allowed water. 

Weight at the end of the period 450 gm. Weight of each embryo 5 gm. 

The liver of a normal embryo at this age has the characteristic reddish 
color of normal hepatic tissue but in the embryos of this experiment the 
liver was pale and vellow; in fact it resembled the liver seen in the embryo 
during the last week or so of gestation, 

Eembrvonie liver, higher fatty acids 9.39 per cent, iodine value 93, 

Experiment 2.--Pregnant guinea pig fasted for 5 days. 

Received no phlorhizin. Average weight of embryos 8 gin. 

Embrvonic liver, higher fatty acids 9.65 per cent, iodine value not 
obtained. 

Maternal liver, higher fatty acids 3.04 per cent, iodine value not 
obtained. 

Experiment 3.--Pregnant guinea pig treated exactly as in experiment 1. 

Normal weight 765 gm. Weight at end of period 648 gm. 

kmbrvonie liver, higher fatty acids 18.72 per cent, iodine value 95. 

Experiment 4.--Pregnant guinea pig treated as in Experiment I. 

Normal weight 685 gm. Weight at end of period 542 gm. 

Weight of embryo 14.5 gm. 

Embryonic liver, higher fatty acids 9.47 per cent, iodine value 4. 

Experiment 5.--Pregnant guinea pig received 0.05 gm. of phlorhizin 
subcutaneously on three oecasions at intervals of 24 hours. No fasting. 
Weight of embryo 25 gm. 

Embrvonic liver, higher fatty acids 5.37 per cent, iodine value 10S, 


Experiment 6.—Pregnant guinea pig, fasted for 96 hours, received no 
phlorhizin. 


Normal weight 575 gm. Weight at end of period 420 gm, 

Weight of embryo 25 gm. 

Embrvonie liver, higher fatty acids 9.68 per cent, iodine value 95, 

Experiment 7.-Pregnant guinea pig treated as in Experiment 1. 

Normal weight 640 gm. Weight at end of period 528 gm. 

Weight of embryo 50 gm. 

Iembrvonie liver, higher fatty acids 9.17 per cent, iodine value 86. 

Experiment 8.-Pregnant guinea pig treated as in Experiment 1, with 
the exception that it received but two doses of phlorhizin. 


# 
& 
4 
t 
| 
— 
t 
tim 
ae 
> 
4 
> 
a 
4 
va 
2 
he 
* 
$4 
3 4 


C. G. Imrie and 8. G. Graham 251 


Normal weight 817 gm. Weight at end of period 666 gm. 

Weight of embryos 30 gm. 

Determinations were made upon each of the two embryos. 

embryonic liver (1), higher fatty acids 13.78 per cent, iodine value 95; _ 
(2), higher fatty acids 18.00 per cent, iodine value 94. 

Maternal liver, higher fatty acids 2.80 per cent, iodine value 130. 


The results of these experiments are given in Table V and are 
arranged in the order of the increasing weight of the embrvos. 


TABLE V. 


Lembryvonic liver. Maternal liver. 
Weight of 


embryo. Higher fatty Higher fatty 


Iodine value Iodine value. 


acids | acids 
gm. percent percent 
5.0 | 9 39 | O33 2 59 131 
6.0 | 9 69 | 3.04 | 
| 433.72 | 95 7.18 | 107 
14.5 47 3.44 | 122 
25 0 | 5.37 | 108 1 80 | 120 
25.0 9 63 | 95 2.75 131 
30.0 0.17 | 4.29 122 
30.0 13.78 649 103 
30.0 IS 00 49 1053 


The results of these experiments show that in all the embryos a 
marked fatty infiltration of the liver was produced. Even at as 
early a stage in development as represented by a weight of 5 em., 
the liver tissue takes up fat. In the first six series of figures in 
Table V all the embryos weighed less than 30 gm. and in only 
one of these instances was there an associated infiltration of fat 
in the maternal liver and in that particular instance the highest 
fat value in the embryonic liver was obtained. It is interesting 
to note the fall in the iodine value of the maternal liver fat in 
this instance. 

There is a marked contrast in the iodine values of the embry- 
onic and maternal liver fat; the former are much lower than the 
latter. The average iodine value of the embryonic liver fat in 
these cases is 95. The average fat content of the embryonic 
livers is 10.91 per cent. If, as in the ease of the physiological 
infiltration of fat, in the embryonic livers, we assume for purposes 
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of calculation that the fat present in excess of the average amount 
is of the connective tissue type with an iodine value of 85, we 
find that the iodine value thus obtained would be 91. The value 
actually found is 95. This result, then, agrees closely with the 
theoretical value and much more so than the result obtained in 
the case of the physiological and slower infiltration of develop- 
ment. This seems to show that under the experimental condi- 
tions the infiltrated fat is of the connective tissue type and as 
such accumulates in the liver of the embryo. 

experiments similar to those just described were carried out 
upon pregnant guinea pigs in which the embryos were over 40 
gm. in weight, and in which, therefore, the physiological infiltra- 
tion had been established. Protocols of two experiments are 
given. 


Experiment 9.—Pregnant guinea pig treated as in Experiment 1. 

Normal weight 905 gm. Weight at end of period 756 gm. 

Weight of embryos 56 gm. 

Embryonic liver (1), higher fatty acids 19.39 per cent, iodine value 86; 
(2), higher fatty acids 20.60 per cent, iodine value S82. 

Maternal liver, higher fatty acids 6.49 per cent, iodine value 104. 

Experiment 10.--Pregnant guinea pig treated as in Experiment lL. 

Normal weight 826 gm. Weight at end of period 725 gm. 

Weight of embryos 53 and 56 gm. 

Embryonic liver (1), 53 gm., higher fatty acids 30.49 per cent, iodine 
value 87; (2), 56 gm., higher fatty acids 24.12 per cent, iodine value SS. 

Maternal liver, higher fatty acids 2.74 per cent, iodine values 122. 


These two experiments show that the physiological infiltrated 
fat does not represent a maximum capacity. This is strikingly 
brought out in experiment 10 where a value of 30.49 per cent was 
obtained, and this fat, it should be remembered, is calculated 
upon the moist tissue. In this instance it is also of interest to 
note the absence of any infiltration of fat in the maternal liver. 


DISCUSSION, 


The accumulation of the fat in the livers of the embryo guinea 
pigs during the latter part of gestation, the unsaturated nature 
of the fat, and its rapid disappearance after birth suggest that 
it is material required by the young animal after its communica- 
tion with the maternal circulation has ceased. It is, however, 
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possible that this fat is not utilized for the production of heat 
and energy but is transferred to the connective tissues after being 
converted into fat of the connective tissue type. 

The question arises whether this fatty infiltration of the liver 
is limited to guinea pigs or whether it takes place in other ani- 
mals such as the dog, cat, or rabbit. Observations upon this 
point have as vet not been made. The guinea pig at birth is 
quite a mature animal and is very active immediately after 
birth, and these characteristics may In some way be associated 
with the fat in the liver and its rapid disappearance. 

What is the source of the fat which accumulates in the liver 
during fasting? Is it derived from the embryonic or maternal 
connective tissue fat? It is at present impossible to say. Some 
light might be thrown upon the subject by a determination of the 
fat in the embrvo after the removal of the liver. 

Fasting produces a fatty infiltration of the embryonic liver 
much more readily than in the maternal liver. If the fat were 
maternal in origin, it would indicate an avidity for fat on the 
part of the embrvonie liver. 


SUMMARY, 


1. In the latter part of embryonic life, it is normal for the 
fetal liver in guinea pigs to contain large amounts of fat. 

2. This fat has an iodine value as high as is normal in later 
life when a much smaller amount of fat is present. 

3. This fat decreases in the first 48 to 72 hours after birth and 
then no more is found in the liver than later in life. 

4. If fat is mobilized experimentally by phlorhizin and fasting 
in pregnant guinea pigs, with embryos under 40 gm. in weight, 
fat accumulates in the liver of the embryos, but the fat is of the 
connective tissue type. 

5. When the embryos are above 40 gm. in weight, and the fat 
is mobilized, more fat is found in the liver than otherwise, up to 
30 per cent of the fresh tissue, and this fat too is of the connective 
tissue type. 

6. The infiltration of fat in the embryonic liver may be quite 
independent of any similar change in the maternal liver. 


It is a pleasure to acknowledge our thanks to Professor J. B. 
Leathes, Sheffield, for his review and kindly criticism of this work. 


¥ 
the 
= 
4 
Be 
%. 
% 
hy 
2 
#3 
4 
wh iad 
‘ 
ein 
4 
tay 
4 


254 ‘at Content of Embryonic Livers 


BIBLIOGRAPHY, 


1. Leathes, J. B., fats, London, 2nd edition, 1913. 
a | 2. Wys, J. J. A., Ber. chem. Ges., 1898, xxxi, 750. : 
3. Imrie, C.G,., J. Path. and Bact., 1914-15, xix, 245. 
4. Leathes, J. B., and Mever-Wedell, L., J. Physiol., 1909, xxxviil, p. 


é 


4 


a 
x 
vee 
| 
+ 
B 
| 
pat 
+ 


SOME EFFECTS OF WATER-SOLUBLE VITAMINE 
UPON NUTRITION.* 


By WALTER G. KARR. 


(From the Sheffield Laboratory of Physiological Chemistry, Yale University, 
New Haven.) 


(Received for publication, August 4, 1920.) 


Recent studies have shown the peculiar réle of certain 
so called accessory substances or vitamines in nutrition. The 
absence of these factors affects materially the physiological well 
being of the animal and in some cases leads to a disease typical 
for the lack of the specific accessory substance. The data on 
which such conclusions are based have for the mast part been 
secured from observations on small laboratory animals; v7z., 
birds, rats, mice, and guinea pigs. No broad generalizations can 
be made, however, until the problem of the accessory factors has 
been studied on more spectes of animals, including the larger 
ones. ‘This is well illustrated by the fact that a diet which will 
readily induce seurvy in a guinea pig will not produce the disease 
in a rat with the same readiness, if at all. This study is 2 con- 
tribution to the relation of the so called water-soluble B vitamine 
to the nutrition of the dog, with the metabolism of which we are 
fairly well acquainted. 

Dogs were kept upoh standard diets containing either wheat 
gluten! or commercial casein? as the source of protein, with the 
remaining calorific requirement supplied by lard and. = sucrose. 
It is quite probable that these sources of protein contained traces 


* The data in this paper are taken from the dissertation presented by 
the author for the degree of Doctor of Philosophy, Yale University, 1920. 

Part of the expenses of this investigation were defrayed by a grant 
from the Russell H. Chittenden Research Fund for Physiological 
Chemistry. 

! Purchased from the Pure Gluten Food Company, Columbus, Ohio. 

* Purchased from Lister Brothers, Incorporated, New York. 
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of water-soluble vitamine, although the diets are referred to in 
the present paper as being vitamine-free.’ 

Foods.--The compositions of the food mixtures, representing 
approximately that quantity which was given each animal daily 


t ‘ 


per kilo of body weight, were as follows: 


No. 1. 
qi 
Commercial casein (12.7 per cent N)... 6.3 | 
B » ash Contained O.S gm. 
0.2 
Ores, 
No, 2 
qm. 
Commercial gluten (14.0 per cent N)... 5.7 
04 | Contained O.S gin, 
N and SO eal- 
| ories. 
No. 3 
gm. 
Commercial casein (12.7 per cent N)... 3.1 
04 Contained 0.4 gm. 
N and SO eal- 
Gries, 


The salt mixture contained: sodium chloride, 10 gm.; calcium lactate, 
4 gm.; magnesium citrate, 4 gm.; ferric citrate, 1 gm.; a few drops 
I+KI solution. 


are also practically free from the so called fat-soluble vitamine and the 
vitamine preventing scurvy. While the animals have been under obser- 
vation there have been no symptoms which might be taken as specifcaliv 


indieative of the lack of these vitamines. 
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The foods were made up in fairly large quantities and the 
‘aleulated amounts fed in a single meal each morning. The 
ration was left before the animals for a period of 1 to 3 hours 
whereupon any residue was weighed. 

Vitamine Preparations.—The following sources of the so called 
water-soluble B vitamine were used in the experiments: 


A. Brewery Yeast.-A dried commercial product.‘ Nitrogen, 7.2; 
moisture, 9.1; ash, 6.6 per cent. 

B. Autoclaved Brewery Yeast.--Some of Product A was moistened and 
autoclaved for 3 to 4 hours at 20 pounds pressure, then dried in the hot 
airoven at LOS’C. for 72 hours. Nitrogen, 7.S per cent. 

(. Redried Brewery Yeast.--Some of Product A was moistened and 
dried in the hot air oven at 1OS°C. for 72 hours. Nitrogen, 8.2 per cent. 

D. Bakers’ Yeast. -A moist commercial veast® was dried in the hot 
airoven at LOS°C, for 72 hours. Nitrogen, 6.1 per cent. This preparation 
contained an admixture of starch, 

BE. Milk.-A pasteurized dairy milk, some of which was further steril- 
ized in the laboratory by heating in a boiling water bath for 30 to 60 
minutes, 

EF. Tomatoes. Canned tomatoes were squeezed as much as possible 
through cheese-cloth so as to produce a fine suspension. Nitrogen, 0.14 
per cent; solids, 4.5 per cent. 

G. Concentrated Vitamine Extract.--\ crude preparation was made 
according to the directions of Osborne and Wakeman.® The fraction pre- 
cipitated by SO per cent aleohol was reprecipitated and dissolved in water. 
That obtained from 165 gm. of Yeast A was dissolved in 200 ce. of water. 
Nitrogen, 0.52 per cent. 


EXPERIMENTAL, 


Most of the dogs consumed the diet readily at first, subse- 
quently they refused a part, and ultimately failed to eat anv 
whatever of the mixtures unless vitamine-containing food was 
given. A number of the animals which continued to ingest the 
vitamine-free foods for a longer period developed pathologic 
svinptoms, 

Water-Soluble B Vitamine and Food Intake.—In all animals 
which refused the whole or part of their diet the desire to eat 
could be quickly restored by the ingestion of a substance con- 


‘Supplied by Hinckel Brewery, Albany, N. Y. 
* Marketed by Fleischmann Company, New York. 
®Osborne, T. B., and Wakeman, A. J., J. Biol. Chem., 1919, xl, 383. 
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taining water-soluble vitamine. The plan of the experiments 
was to feed the vitamine-free food until the dog refused part or 
the whole of it for a number of days, then feed the accessory 
substance and note the effect on the food intake. The prepara- 
tion of water-soluble vitamine was given apart from the food 
after the meal had been offered in the morning, hence it could 
not affect the palatability of the ration. 

Charts 1 to 29 illustrate the relation of the vitamine to food 
intake. The maximum ordinate represents the food in grams 
offered to the dog to eat. In the shaded portion is plotted its 
actual daily food intake. 
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Brewery Yeast as the Source of Vitamine. 
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170 GM. 
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DAYS—» 


| Cuartr l. Dog X, days 24 to 38, Cuart 2. Dog B, days 39 to 50, 
Food 3. Food 


130 OL. 


Cuart 3. Dog S, days 20 to 35,  (CHart 4. Dog F, days 19 to 30, 
Food 3. Food 1. 


—> 


=DIET 1/20. YEAST A 


DIET + 10M. YEAST & 
pint + 50m. yeast a 
NO POOD 
| EATEN oretegou. reast a 


— 

Cuart 5. Dog H, days 22 to 31, 
Food 1. 
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Bakers’ Yeast as the Source of Vitamine. 
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5 
DAYS 


Cuart 6. Dog R, days 27 to 51, Food 3. 


oe: 
DIET + 10M. YEAST D 
DIET*2GM. YEAST D 


+50m. yeast D 
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CHuart 7. Dog I, days 101 to 122, Food 1. 


Tomato as the Source of Vitamine. 


GD ies 
T00CC. TOMATO P 
DIET 200CC. TOMATO P 


ee 


ee 


pats 
Cuart 9. Dog P, days 41 to 57, Cuart 10. Dog J, days 143 


Food 2. to 157, Food 1. 
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i 
f Milk as the Source of Vitamine. 
| 
44 
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Cuart 11. Dog 1, days 235 to 255, Food 1. 
5OCC. MILE E 
494444) DIET 7OCC.MILK E 


115 Gi. 


Food 1, 


concentrated vitamine extract. 
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o 
NO 
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EATEN 
DAYS~ 


to 187, Food 1. 


Cuart 12. Dog J, days 224 to 242, CHart 13. Dog L, days 179 


To eliminate the possibility that this phenomenon of renewed 
appetite might be due to the supplementing action of the protein 
in the vitamine preparation, experiments were conducted with a 
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Experiments with Concentrated Extract. 


sce. 
HHH 


170 Gm, 


“pats 


Cuart 14. Dog Q, days 41 to 58, Food 1. 


“pats 


Cuart 15. Dog O, days 92 to 106, Food 2. 


To control further the possible supplementing action of pro- 
teins, 10 to 15 gm. of casein diet, No. 1, were given to an animal 
which was being offered gluten diet, No. 2; this provoked no 
increase in the food intake (see Appendix, protocol for Dog O, 
days 90 to 95). 

That the failure of appetite is actually associated with the lack 
of vitamine is further shown by the fact that it does not occur 
when the accessory food factor is furnished from the very start 
along with the vitamine-free food. Dog L (see Appendix, pro- 
tocol for Dog L, days 1 to 120) was placed on casein diet, No. 1, 
to which were added 3 gm. of Yeast A daily. This animal con- 
tinued to eat throughout a period of 120 days, was in good health, 
and gained weight when the diet was increased in amount. The 
longest period that any animal continued on the same diet with- 
out vitamine was 68 days (see Appendix, protocol for Dog G, 
days 1 to 68). 

Two animals were fed quantities of 10 to 15 gm. of butter 
(see Appendix, protocols for Dogs L and I) to ascertain whether 
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or not the fat-soluble vitamine might influence the appetite. 
No appreciable increase in the food intake was noted. 

Experiments on the Destruction of the Vitamine.—To determine 
the influence of drying the vitamine preparation at temperatures 
near LOO°C. experiment: were conducted with Yeast C (Charts 
16, 17, 18). 


140 om, 


— 


—» 
DAYS 
Cuart 16. Dog Q, days 82 to 93,  CHartr 17. Dog P, days 74 to 83, 
Food 1. Food 2. 


om. reas? c 
SSS DIET+1 OM. YEAST C 


2-44 


— 


150 OM. 


DAYS 


Cuart 18. Dog I, days 197 to 224, Food 1. 


These data indicate that little or no vitamine was destroyed 
by drying at temperatures near 100°C. 

To determine the influence of still higher temperatures Yeast 
B was fed (Charts 19, 20, 21, 22). 

Some of the accessory substance had apparently been destroyed, 
as it required considerably more of this preparation to provoke 
the ingestion of the regular ration. 
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+ 20M, YEAST B 
reast 8 


nret yeast B 


DAYS—~» 


Cuart 19. Dog EF, days 86 to 102, Food 1, 


140 OM. 


DAYS—> 


Cuart 20. Dog P, days 53 to 77, Food 2. 


—> 


170 GM, 


—s DAYs— 
Cuart 21. Dog J, days 267 to 277, Cuart 22. Dog B, days 63 to 74, 
Food 1. : Food 1. 


Quantitative Relations.-1.5 gm. of Yeast A have in all cases 
been sufficient to bring the food intake back to normal, and 
often 0.5 gm. was sufficient, while with Yeast D 3 gm. were 
approximately the minimum which would produce this result. 
Charts 23 and 24 show a direct comparison between Yeasts A 
and D, while Chart 25 shows clearly the destruction of vitamine 
in Preparation B. 
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DIET 


3 
DAYS 
Cart 23. Dog I, days 153 to 164, Food 1. 
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Cuart 25. Dog L, days 151 to 161, Food 1. 


100 ce. of tomato, Preparation F, were often effective while 
200 cc. have not failed to restore the food intake. 50 to 150 ce. 
of milk have proved sufficient. 

Charts 26, 27, 28, and 29 show the effect of gradually increas- 
ing amounts of vitamine preparation edded to the diet until 
the animals consumed the total amount of food offered. 

A rather definite minimum amount of water-soluble vitamine 
seems to be necessary to sustain the desire to partake of food 
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Cuart 26. Dog J, days 102 to 126, Food 2. 
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Cuart 27, Dog J, days 192 to 216, Food 1. 
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Cuart 28. Dog 8, days 34 to 56, Food 3. 
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which is otherwise adequate for the nutrition of the animal. 
The quantity varies with the animal. 0.5 gm. of Yeast A was 
sufficient for some animals while others required 1.5 gm., and in 
a similar way the requisite amounts of the other vitamine prepa- 
rations vary. The needs for the same animal seem to be quite 
constant. Dog J, which was refusing most of the gluten diet, 
No. 2, offered, was given 3 gm. of Yeast D. This inereased the 
food intake, but was not quite adequate to cause the ingestion of 
all the food. 120 davs later when the antmal was on a casein 
food and tn better nutritive condition it was again given 3 em. of 
Yeast D. This amount again was not sufficient to cause the 
ingestion of the entire diet, but, following this period, 4 gm. 
were found to be effective. The quantitative requirements of 
this animal were very similar under widely different cireum- 
stances (see Charts 24 and 27). Furthermore, animals which 
require a larger dosage of one vitamine preparation will require 
correspondingly larger dosages of the other preparations. 
Amounts of vitamine not adequate to cause the ingestion of all 
the offered food, nevertheless, generally increase the food intake 
perceptibly. 

In two cases (see Appendix, protocols for Dog H, days S82 to 
S86, and Dog Kk, davs 66 to 75) the animals were allowed to remain 
in a state of inanition and became very emaciated. Attempts to 
resuscitate the desire of these animals to eat failed even though 
large quantities of veast were given. One recovered when milk 
was given by sound; the other was not given milk and died. 


Pathologie Symptoms of Vitamine Deficiency. 


In certain animals which continued to eat their food for a 
longer time than others without the addition of any accessory 
substance, there appeared typical pathologic symptoms (see 
Appendix, protocols for Dogs I, G, I, M, R). The animals 
first vomited, became inactive, refused their food, and then 
developed characteristic polyneuritic symptoms. The animals 
could not walk, finally could not stand, and generally lav with 
their legs sprawled out at the side. They were seized with 
severe tetanic convulsions especially when handled, removed 
from the cage, or set down quickly on the floor. The head was 
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in motion and there were often tremors and twitchings of the 
muscles. These symptoms are comparable with those described 
by Voegtlin and Lake.? Either the loss of control of the legs or 
the convulsions may appear first. The above authors do not 
mention the preliminary vomiting and they lay stress on the loss 
of body weight which from the present data seems only concomi- 
taunt with the lowered food intake, as some of the animals main- 
tained their weight until they refused the food, a short time before 
the polyneuritic symptoms became apparent (see protocols for 
Dogs G, M, R). Dog I which had a lowered food intake grew 
very emaciated before developing the symptoms. 

These pathologic symptoms could be alleviated and practically 
¢liminated within a period of a few hours by administering water- 
soluble vitamine in the form of brewery veast or tomato. Dog 
(; which had the most severe convulsions, numerous and oeccur- 
ring frequently, and had no use of its legs, was given 5 gm. of 
Yeast A and when observed S hours later was able to run from its 
cage with a slight loss of control of the hind legs as the only 
apparent svmptom remaining. Dog S, having severe convul- 
sions, was given 3 gm. of Yeust A which was. sufficient to 
eliminate all polyneuritic svinptoms and cause the animal to 
consume all its food for a number of days afterwards. 40 days 
later the animal again became polvneuritic and was cured by 
administering 400 ce. of tomato, Preparation FF. After 60 days 
the animal developed the third attack of polyneuritis. It was 
fed 10 gm. of Yeast D, and showed no improvement the follow- 
ing dav when it was given a 20 gm. dose. The animal died dur- 
ing the night. It is very probable that the bakers’ veast was 
much less efheacious in alleviating polyneuritic svmptoms than 
equivalent amounts of brewery veast. Dog F was given doses 
of 3.e¢m. of Yeast A without any beneficial fesult and later died. 
The dog was at the time nursing three voung which might have 
been a sufficient drain on the mother’s source of vitamine so that 
the dose of 3 gm. produced no curative effect. This dog only 
showed paralytic symptoms of the legs and had no convulsions, 
Dog G at the second attack of the disease was given a dose of 3 
gm. of Yeast A without any alleviation of the svmptoms and was 


egtlin, C.. and Lake. G. C., Am. J. Physiol., 1918-19. xiwit, 558. 
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given 10 gm. the next day when its condition was so bad that no 
hope of recovery was entertained. Its temperature at this time 
was 28°C. Dog M. differed from the other animals in that it 
died rather suddenly before having exhibited many of the char- 


acteristic svmptomes. 


SUMMARY AND CONCLUSIONS, 


Some relation exists in the dog between the desire to partake 
of food and the amount of the so called water-soluble B vitamine 
ingested. 

Brewery veast, bakers’ veast, tomatoes, and milk were investi- 
gated and found to be sources of this appetite-provoking sub- 
stance. Quantitative data are presented to show the relative 
potency of the various products investigated. The brewery 
veast tested was much more potent than bakers’ veast. 

Drving at 100°C. does not affect the effieaev of these vitamine 
preparations, but autoclaving at 120°C. for 3 to 4 hours leads to 
some destruction. 

Mammalian polyneuritis was induced in several animals and 
the symptoms were alleviated within a few hours by the ingestion 
of brewery veast or tomatoes, substances rich in) water-soluble 


Vitamine. 


The writer desires to express his gratitude to Professor Lafa- 
vette B. Mendel for his suggestion of the problem and for his 
generous advice and interest throughout the course of this inves- 
tigation. 

APPENDIX, 

Dog B.—Offered 170 gm. of Food 1 daily. 

Ate food for the first 24 days whereupon the food intake diminished. 
Days 42 to 45. Fed brewery Yeast A (see Chart 2). Days 67 to 73. Fed 
autoclaved Yeast B (see Chart 22). 

Body weights: 
15 22 29 36 45 52 63 
0 eee 11.5 10.7 109 107 107 10.2 10.0 100 97 


Dog BE. -Offered daily 110 gm. of Food 1, 
During the first 8 days the animal was given 5 gm. of Yeast A in addi- 
tion to its food, after which it continued to eat its food and nourish a 
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litter of three pups until the 33rd day when it began to refuse part of its 
food. It continued on this lowered food intake until the 66th day where- 
upon it had become very emaciated. It was given on 4 successive days, 
5 gm. of Yeast D, 10 gm. of Yeast D, 5 gm. of Yeast A, and 5 gm. of Yeast 
A, which provoked no ingestion of food. It was then fed 250 ec. of milk 
for 3 days and on the following day ate the regular diet. The diet was 
increased to 130 gm. On the 89th day it again refused its food where- 
upon it was fed 2 gm. of Yeast B daily which provoked the food intake rep- 
resented in Chart 19. The animal died on the 120th day and the autopsy 
showed diseased lungs. 


Body weights: 
Days... 8 DxzHe 8&8 FT 119 
nilos..66 6.1 47 46 44 42 39 26 33 37 39 37 33 


Dog F.--Offered daily gm. of Food 1. 

Ate well for the first 18 days whereupon she gave birth to four young. 
She then refused part of her food and on the 22nd day ate none. Fed 3 
gm. of Yeast A. Consumed regular diet (see Chart 4). Continued to eat 
and was fed 3 gm. of Yeast A daily during days 30 to 35. On the 36th 
day the dog lost control of its hind legs and could hardly stand. It was 
given 3 gm. of Yeast A in a.m. and 3 gm. more in p.m. On the 37th day 
the dog was about the same in a.m. but worse in p.m. It lay with its 
legs sprawled out at the side and could not raise its head. It was able to 
wag its tail and was in no apparent pain. On the morning of the 38th 
day the dog was found dead. (Dog had a marked polyuria during the 
whole period under observation. ) 


Body weights: 


Dog G.—Offered 140 gm. of Food 1. 

Dog ate food well until the 63rd day when it vomited a portion. It 
vomited its food for 3 or 4 days and on the 67th day lay down most of 
the time. On the 6Sth day the dog for the first time did not eat its food. It 
spasmodically lost control of its legs when they shot out at the side of the 
body and the head was drawn to one side. On the 69th day its condition 
was about the same and it continued to refuse food. The next day the ani- 
mal sat with its hind legs sprawled out at the side and could not walk. 
7istday. Head shook; some tremors of the leg muscles; spasmodic tetanic 
convulsions when dog straightened the fore legs out front and the hind 
legs to the rear with the head thrown back. This occurred especially when 
the dog was set on the floor. 11:50 a.m. was given 5 gm. of Yeast D by 
sound. 3p.m. the dog was much worse. The convulsions were more severe, 
the dog throwing itself over on its side and banging its head on the floor. 
These occurred every 2 or 3 minutes while the dog was under observation 
outside the cage. 3:30 p.m. given 5 gm. of Yeast A bv sound. 12 mid- 
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night, dog ran from the eage. All nervous symptoms were gone exeept 
that it did not have full control of its hind legs, a condition which per- 
sisted for a few days. The next day the dog ate all its food. On the 98th 
day the vitamine was again removed. The dog continued to eat well again 
until the 145th day when it refused its food. It continued to refuse its 
; food for 5 days when polyneuritie symptoms began to be noted. It had 
some convulsions and walked with diffeulty. dav. p.m., the dog 
was given 3 gm. of Yeast A. Mi2nd dav. The dog was much worse: tetm- 
3 perature 28.3°C. It was given 10 gm. of Yeast A in the a.m. but the 


x 


animal's condition was so bad that no hope of recovery was entertained and 
it died during the night. 


weights: 


Day 7 22 2S 52 59 
Si 7¢.8 76 4.4 4.2 4.2 44 4.3 
KKilos -63 49 68. 68: . 
Dog Il. Offered IS5 gm. of Food 1 daily. 


The dog ate well for S days, refused part of food for 9 days, and ate 
little for 7 when it refused food. 25th day. bed 4 yin. of Yeust (see 
Chart 5). Yeast was discontinued on the 36th day. Ate all until the 
Wth day and from then until the SOth day generally ate a small portion 
of ats food. The animal beeame at this time very emaciated without 
developing any polyneuritic symptoms and was evidently in a starving 
condition. Attempts were made to cause it to eat some food by feeding on 
successive days: 3 gm. of Yeast D, 10 gm. of Yeast D m. of Yeast A 
lO gm. ot Yeast A, 10 em. of Yeast A; but the dog eat and died 


on the S6th dav, evidently proceeded too far for the 


to influence the appetite, 


Body weights: | 
Davy. 7 133 37 13 
Kwilos 20 1.6 1.3 10.4 96 10.0 10.3 106 10.9 


Dog 1. Offered 110 gm. of Food 1 daily. 

Ate food well for 20 days. For the next 25 days it ate a portion of its 
food each day with an averge food intake of 55 gm. 45th day. The dog 
could hardly stand, the hind legs more paralyzed than the fore; the head 
was in motion from side to side. lO a.m. it was fed 5 gm. of Yeast A, 
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5 p.m. much improved and ran from the cage with only a slight wobble in 
its hind legs. The dog was in poor nutritive condition and was fed yeast 
with an increased diet in order that it might gain weight. 71st day. The 
yeast was discontinued and the food offered daily was now 130 gm. of No.1. 
Soth to 105th days. Ate only part of its food. 106th to 123rd days. Experi- 
ments were conducted with bakers’ veast (see Chart 7). 147th day. Again 
refused part of its food. Experiment was conducted with tomatoes as an 
accessory (see Chart 8). This was followed by an experiment in which 
1 gm. of Yeast D was compared with 1 gm. of Yeast A (see Chart 23). 
The dog again in poor nutritive condition was given an increased diet 
with 2 gm. of Yeast A daily. It was placed on the regular diet at the 
180th day. For the next period of 18 days the animal was given 10 to 15 
gm. of butter daily in order to determine whether or not the fat-soluble 
vitamine might have any effect on the appetite. No appreciable increase 
in the food intake was observed. 200th day. Accessory Preparation C was 
tried (see Chart IS). The animal was without accessory from the 2OSth 
to the 289th day when experiments with Milk I as accessory were tried 
(see Chart 11). Days 251 to 264. No accessory. 265th day. Fed 2 gm. 
of Yeast C which caused it to consume all its food for 4 days. Days 272 
to 275. Fed Yeast B. 


Body weights: 
Kilos.......6.9 


Day... 


Day 


‘ 


Dog J.—Offered 115 gm. of Food 2 (gluten) daily. 

First 75 days the animal was used for metabolism experiments and 
had received Accessory A on certain days. At the end of the period it 
was in rather poor nutritive state. 73rd to 94th days. See Chart 24. 
02nd to 126th days. See Chart 26. 125th to 135rd days. Yeast diseon- 
tinued, eats part of food. 134th day. Changed to 100 gm. of Food 1. 
After this change of protein the dog consumed the whole diet for 6 days 
after which food intake decreased. 43rd to 157th days. See Chart 10. 
It was now supplied with al! the food that it would eat together with 2 
gm. of Yeast A daily in order that it might gain weight. 177th day. 
Placed on diet of 110 gm. of Food 1. 192nd to 215th days. See Chart 
27. 223rd to 240th days. See Chart 12. From this period on it was con- 
tinued on the same diet and used for other experiments. Days 270 to 275. 
Fed Yeast B (see Chart 21). 


4 
+ 
SI SS GS 11:33 120 133 142 
14S 155 169 IS3 LOW) 107 204 
— ts 1 6 ».2 4 53 53 
ou 


W. G. Karr 273 


Body weights: 
Day....1 7 13 19 25 31 37 17 52 5o 
meos..66 6.4 62 62 68 64 868 55 §& 


Day... .67 7 


Kilos... 4.8 45 44 42 4.4 45 :.2 4.2 41 


Dav 142 Lis 155 169 176 
40 45 4 7 50 5.5 
Day 211 225 232 250 


Dog L. Offered 130 gm. of Food 1 daily. 

Ist to 120th days. Given 3 gm. of Yeast A daily. It ate the food very 
readily for the first 90 days. During the last 30 days it seemed to tire of 
the diet to some extent and would oceasionally leave a small amount of 
its food. It was a rather young dog and between the 30th and SOth days 
its diet was increased to ISO gm. with the resultant increase in body 
weight. Dog was now offered 150 gm. of Food 1 daily. During the next 20 
days the food intake gradually declined to a small amount each day. 
140th to 147th days. Given 10 to 15 gm. of butter to determine the effect 
of the fat-soluble vitamine. The food intake was not increased. 1l4Sth 
to 156th days. See Chart 25. 156th to ISIst days. Food intake 
decreased with no accessory added. 1IS82nd to IS6th days. See Chart 15. 
The dog had developed a skin disease and was killed, 


Body weights: 
Day....! 22 2s 35 42 19 
Kilos...6.6 6.7 66 66 66 68 69 69 69 7.2 


oy 106 11s 120 127 


Dav ...67 7 


Dog M.—-Offered 125 gm. of Food 1 daily. 

Ate whole diet for 21 days after which the food intake was more or 
less decreased until the 6Ilst day when the dog vomited some for 2 days. 
63rd day. Refuses its food. During the next 3 days symptoms of poly- 
neuritis developed. It walked with difficulty; the head shook some. 67th 
day. Slight convulsions. Condition not considered very serious and was 
not treated with aceessory. Died during the night. 
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Body weights: 
4 11 19 25 32 39 49 


Dog O.—-Offered 130 gm. of Food 2 daily. 

First 50 days was used for other experiments. 50th to SOth days. Food 
intake decreased on no accessory. 90th to 95th days. Fed 10 to 15 em. of 
Food 1. There was no increase in food intake. 96th to 100th days. See 
Chart 15. The dog died on the 107th day. The autopsy showed no gross 
abnormalities except feces very tightly packed in the large intestine. 


Body weights: 


Inalos 54 50 4.7 47 


Dog P.—Otfered 150 gm. of Food 2 daily. 

Ist to 53rd days. Ate the whole diet offered. S4th to 46th days. Food 
intake diminished near the end. 41st to 57th days. See Chart 9. SSth to 
75th days. See Chart 20. 76th to S3rd days. See Chart 17.) Sith to 100th 
days. Appeared sick and ate only a part of its food. lOIst day. Diet was 
changed to 140 gm, of Food 1. 10Ist to 143rd days. Ate part of its food 
whereupon milk experiments were tried on 144th to 159th days (see Chart 
29). 160th to 165th days. Food intake dropped whereupon Yeast B 
was fed. The dog was removed from the diet on the 173rd day in good 
condition, 


Body weights: 


Dav. 11M) 107 114 1S 135 
Day..... 144 152 163 


Dog Q.- Offered 110 gm. of Food 1 daily. 

Animal ate food for the first 20 days when the food intake diminished. 
ith to 49th days. Yeast G was given (see Chart 14). S6th to 90th days. 
Redried brewery Yeast © was fed (see Chart 16). The dog later refused 
to eat and died on the 99th day. The cause of death was unknown. 


Body weights: 
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Dog R.—Otfered 115 gm. of Pood 38 daily. 

The animal was coaxed to eat the food for the first few days by add- 
ing a little milk. It ate the food until the 2Ist day when the food intake 
decreased, 30th to 52nd days. Fed Yeast D (see Chart 6). It ate little 
on 58th to 60th days and on the 6lst day developed polyneuritie syvmp- 
toms. The dog had spasmodic convulsions but the legs were not paralyzed 
to any extent. On the next day the convulsions were worse, but the dog 
could still stand on its legs. It was fed 3 gm. of Yeast A in a.m. 63rd 
dav. The polyneuritic symptoms were absent. 64th dav. It ate one-half 
its food. 65th to 77th days. Ate whole of the diet without further addi- 
tionotveast. 7Sthto days. The dog was on diminished food intake 
and again developed polyneuritie symptoms. Lo6th day. 400 ce. of Tomate 
lk were given by sound but the dog vomited most of it soon and was 
not inproved the next dav when 400 ce. more were given which it 
retained. The dog had reeovered by the following day exeept for a slight 
stiffmess of the legs which remained for a few davs. It eonsumed all its 
food for 9 days and then the food intake diminished. 170th day. It again 
showed polyneuritie svmptoms, dav. It was given lO gm. of Yeast D. 
The next day it showed no improvement and was given 20 gm of Yeast D 
The next morning the dog was tound dead 


Body weights: 


Day SU) S7 10} LOS 115 143 


Dog Offered 130 gm. of Pood daily. 

The dog did not relish the diet especially well and eonsumed only 
part of its food during the first 25 days. 26th to 29th davs. Fed Yeast A 
(see Chart 5). 50th to 56th days. Food intake again diminished. 37th 
to 50th days. Fed Tomato F (see Chart 28). The food intake diminished. 
[i was fed Extract G with some beneficial results. 74th day. Refused 
food and lay down. No polyneuritie symptoms were present. Its mouth 
became very foulsmelling. 79th day. Passed bloody stools. [t was nearly 
dead and was killed. The case resembled the dogs of Chittenden and 
Underhill’ which had pellagra-like symptoms, 


Body weights: 
l IS 24 


Chittenden, R. H.. and Underhill, F. Po. Am. J. 1917, xliv. 13. 
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Dog X.— Offered 125 gm. of Food 3 daily. 

The animal ate the food well for 22 days whereupon the food intake 
diminished, 28th to 3lst days. Fed Yeast A (see Chart 1). The food 
intake again diminished until days 39 to 41 when it was fed Yeast C. 


Body weights: 
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METABOLISM STUDIES WITH DIETS DEFICIENT IN 
WATER-SOLUBLE (B) VITAMINE. 


By WALTER G. KARR. 


(From the Sheffield Lahoratoru of Physiological Chemistry, Yale University, 
New Haven.) 


‘Received for publication, September 17, 1920.) 


It has been suggested that vitamines may exert their unique 
function in intermediary metabolism or in the glandular secretory 
processes connected with digestion in the alimentary tract. With 
this possibility in mind studies of nitrogen metabolism were made 
with animals on similar diets respectively rich in or devoid of 
water-soluble (B) vitamine. The general plan was to compare 
the metabolism of an animal recently placed on a vitamine- 
free diet with its metabolism at a later period on the same diet; 
also to compare the metabolism on a vitamine-free diet with 
periods in which a supply of water-soluble (B) vitamine had been 
added and to control the possible supplementing action of the 
protein of the crude vitamine-yielding substance by a further 
period in which a corresponding amount of purer protein was 
added. 

our female dogs were employed. They were kept in ordinary 
metabolism cages, and the urines of different days or periods 
were separated by catheterization. The feces were marked into 
periods with carmine and after addition of alcohol containing a 
few drops of acid they were dried on a water bath. ‘Total nitro- 
gen was determined either by the Kjeldahl method or Folin’s 
macro modification for urine. 

The protein of the diet was supplied by either commercial 
casein! or commercial wheat gluten,? both of which are known to 


The casein was purchased from Lister Brothers, New York. It was 
colored very Light vellow, quite finely ground, and the samples generally 
contained about 12.7 per cent of nitrogen. 

> The wheat gluten was purchased from the Pure Gluten Food Company, 
Columbus, Ohio. Jt was very finely ground and contained 12 to 14 per cent 
of nitrogen, 
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Casein 
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Sucrose 
Salts. 
Bone ash 
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PABLE I 
Dog 


Daily det 


Period 1. 


50 = 6.2 gm. N 


5OO calories. 


Period 2. 


Same as Pertod 1. 


Period 


Same ils Period | except 


intake 


Casein 


Yeast.” 
Lard. 
Sucrose 
Salts 
Bone ash 
About 


gm. 


Period 4. 


= 6.12 gm. 
30) 

* 
intake. 


610 calories. 


* The brewery veast which was supplied by the Hinekel Brewery, 
Albany, N. Y., was an ordinary dried commercial product containing 
moisture 9.1, nitrogen 7.2, and ash 6.6 per cent. 
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TABLE I1—C'oncluded. 


7 
Daily chet N balance 
Period 5. 
Oo 1) Casein iS.5 = 6.12 gm. 71 gm. 
SO 09.38 Gluten. Ni per or 
6.9 5.27 Lard. cent N, +O 45 
5.37 Salts. 2 intake. N. 
Su 5.48 Boneash 5 
About O10 calories. 
Period 6. 
(W) Casein Stem. N 55 gm. “4 
QO? 5. 40 Suerose BO cent 
Salts 1.1 daily, 
\bout O10 ealories 
Period 
“4 Yeast* “ Ni per or 
5.67) Lard eent N. +O 4 
GS 5 60 Sucrose. 35 L.S gm. daily. 
“7 5 intake. N. 


Salts. 2 
Bone ash 35 
About 610 ealories. 


be relatively free from water-soluble (B) vitamine. The remain- 
ing calorific requirement was furnished by lard and sucrose to 
which were added 2 gm. of a salt mixture and 5 gm. of bone ash, 
the latter to give proper consistency to the feces. qual portions 
of the food were given daily soon after eatheterization in the 
morning. Water was supplied ad libitum 
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In Table I the data for Dog G are given in greater ‘detail, 
beeause, as has been indicated elsewhere,* it is rather rare to 
obtain an animal which will consume, for such an extended length 
of time,a diet that is highly deficient in water-soluble (B) vitamine. 


Protocol.-Dog G. The dog was placed on a diet which was free from 
the water-soluble (B) vitamine containing about 6.2 gm. of nitrogen and 
620 calories. It ate the diet very eagerly. The first metabolism period 
was begun on the lM4th day as indicated in Table I. The animal con- 
tinued to receive the above mentioned diet whenever it was not on a metab- 
olism test. After the animal was removed from the third metabolism test 
on the 60th day it began to vomit some of its food and on the 68th day for 
the first time refused to eat and showed definite symptoms of polyneuritis 
as previously described. It ate no food again until the 72nd day, immedi- 
ately after it had recovered from the polyneuritie symptoms which were 
alleviated by administering brewery veast. The dog then continued to 
eat, consuming the original diet to which 3 gm. of veast were added daily. 
Metabolism experiments were thereupon continued as indicated in the 
table. 


DISCUSSION, 


Period 3, Table I, represents the metabolic study of a dog 
Which had been on a vitamine-free diet for 456 days and soon 
thereafter developed severe symptoms of polyneuritis. It had 
maintained its body weight and was in good nutritive condition. 
Apparently the intermediary metabolism of nitrogen was not 
materially affected by the lack of the water-soluble vitamine. 
Period + in which water-soluble (B) vitamine was supplied by 
brewery veast has a larger positive nitrogen balance. The data 
are complicated by at least two factors: first, the supplementing 
action of the veast protein; and, second, the fact that the balance 
experiment in this test was conducted soon after a period of 
decline in body weight during which the animal consumed no 
food (days 68 to 71). Hence the favorable result may be only 
the usual phenomenon of recuperation on a calorifieally ade- 
quate diet. Metabolism experiments on vitamine-free diets are 
complicated by many factors, especially the intimate relation of 


3 W. J. Biol, Chem.., 1920), xliv, 230. 
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water-soluble (B) vitamine to food intake,® and also the possible 
supplementing action of the protein in the crude vitamine sub- 
stance used. It is obviously desirable that as soon as a good 
protein-free vitamine concentrate is available the above experi- 
ments be repeated using it as a source of the 


TABLE IL. 


Fox nl 
= ~ = N = 
Dog ©. 


1, 4 (10-13)3 5.6 14S LOO 100 19 20. 

| 144 S100 100 1,880 19 619 

4 370 250 250 4,700 490 49 

4/5 (28-32) | 9.3 ISO) 10125 125 2,350 24.5 21 

5 9 (38-41) 59.5 10324 225 225 4,250 44.1 

3 (42-44) 53 111 79 791,410 14.7 15. 


5 (45-49) ISO) 10 125 1253'2, 24.5 21.2 
Dox J. 

4 (15-18) 2 100 100: 1,940 20-7 20.1 

4 (36-39) 5.5 1) LOO L960 19 G17 3 

3: 5 (46-90) 56 125 125 2,450 24.5 24. 2 

4° 4 (53-56) 56 100. 100, 1,950 19 (61S 
Dow 

1's (3 |10.4 240 225 225, 3, 900 33.6 5005 

2 4 (10-15 Wt INO) 3,120 26.9 25. 0 

(1-21 10 4 235 15 225 225 3,900 33.6 31.6 


* The food was fed in equal portions ne day. 


accessory factor, 


Feces 
= 
95 
41; 2 90. 9'—-0.8 95 
9) 2.72.4-38.2 
3.31.9 +1.1 95 
95 3.12.9+2.0 44 
34 2.80.9 —0O.1 93 
2.81.64+1.¢ 
62 2.71.4 
2.31.2+1.1 94 
06, 2.51.4 -—1.1 
46 2.31.1+0.4 


66 2.61.7 +16 
66 2.51.5+0.4 
50: 2.81.7 


+ The brewery veast which was supplied by the Hinckel Brewery. 


Albany, N. Y., was an ordinary dried commercial product containing 


moisture 9.1, nitrogen 7.2, and ash 6.6 per cent. 


t The numbers in parentheses indicate the days of the entire period that 
the animal was under observation on the experimental diet. Unless 


indicated no vitamine was given. 
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The data in Table Il are presented more to show the interesting 
supplementing action of suitable protein than the possible effect 
of a Vitamine substance in relation to a vitamine-free diet. Small 
quantities of a good protein in the form of casein or veast exerted 
a remarkable effect on the nitrogen balance of an animal which 
Was consuming proteins of wheat gluten which are known not 
‘complete.’ In view of the small portions sufficient to 
produce this result, the quantities of amino-acids involved in the 


to be so * 


deficiencies must have been small at most. 

The data are very consistent in showing that the nitrogen 
utilization in the digestive tract was unaffected by the absence 
of water-soluble (B) vitamine. From this we may conclude that 
the secretions of the glands intimately associated with digestion 
and absorption were not materially affected by the lack of the 


food 
CONCLUSIONS, 


The lack of the water-soluble accessory does not affect the 
utilization of the nitrogen in the alimentary tract of the dog. 

lt is probable that the lack of water-soluble (B) vitamine does 
not primarily affect the intermediary metabolism of protein 
nitrogen. 

Data are presented which show that sinall amounts of a good 
protein beneficially supplement proteins which are known not to 
he so “complete.” 

The writer gratefully acknowledges the helpful advice of 
Professor Lafavette B. Mendel throughout the course of this 
investigation. 
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SOME AMINO-ACIDS FROM THE GLOBULIN OF THE 
COCONUT AS DETERMINED BY THE BUTYL ALCO- 
HOL EXTRACTION METHOD OF DAKIN. 


By CARL O. JOHNS D. BREESK JONES. 


(From the Protein Investigation Laboratory, Bureau of Chemistry, C nited 
States partment of Agriculture Washington.) 


feceived for publreation, August 16, 1920.) 


The work desertbed in this article is chietiv confined to the 
determination of the amino-acids which remain in the aqueous 
solution of the hyvdrolvsis products of coconut globulin after it 
has been subjected to the extraction with mormal butyl alcohol 
according to the method deseribed by Dakin (1). 

By this method practically the whole of the di-basice acids and 
the diamino-acids are contained in the aqueous solution. Glycine 
and serine are extracted with difficulty, so that they may also be 
expected to be present in the aqueous solution. 

The coconut globulin used for this hydrolysis was prepared as 
deseribed in a paper previously published from this laboratory (2). 

Both the diamino-acids and most of the glutamunie acid were 
removed before the extraction with butyl aleohol, as it was sup- 
posed that a better separation of the other produets could be 
effected after this removal. 

Satisfactory results were obtained for aspartic and glutaminie 
acids. The presence of hydroxvglutaminic acid could not be 
established. If present it must have been in very small amount. 
Of the amino-acids carried over by the butyl alcohol, proline was 
determined. A peptide anhydride was isolated and identified as 
leuevivaline anhydride. The question whether the origin of this 
dipeptide anhydride was due to incomplete hydrolysis of the 
protein, or whether it may have been formed as a secondary pro- 
duct during the extraction, is unsettled. The presence of glycine 
could not be established, either in the aqueous solution, or among 
the products that were extracted. From the aqueous solution 
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2S4 Amino-Acids from Coconut Globulin 


were also obtained about 8 gm. of a mixture the properties and 
analysis of which indicated that it consisted largely of alanine, 
with an admixture of serine. 

It was found necessary to continue the extraction for about 65 
hours in order to arrive at the point where no more material was 
being carried over by the butyl alcohol. About 72 per cent of 
the total amount extracted was carried over, however, during the 
first 23 hours of the extraction. 

As the products which were extracted by the butyl aleohol 
were aecompanmied by a small amount of a reddish oil, which 
suggested some type of decomposition, and which was difficult 
to remove wholly from the other products, the isolation and 
determination of the other amino-acids were not carried out. 
A separate hydrolysis of the coconut globulin and a complete 
determination of the hydrolysis products without the use of the 
butyl aleohol extraction method is published in the next paper 
(3. Asa comparison of the methods, it can now be stated that 
the extraction method has given the higher vields of the di-basic 
acids. 

The percentages of the amino-acids determined are summarized 
in Table 

TABLE 1. 


per ce nt 


Leuevivaline anhveride () tt 


EXPERIMENTAL. 


159 gin. of coconut globulin, ecaleulated on a moisture- and ash- 
free basis, were hydrolyzed by boiling with 1,500 ce. of 20 per cent 
hvdrochloric acid for 27 hours. The solution was concentrated 
under reduced pressure to about one-half its volume, in order to 
remove most of the hydrochlorie acid, and after diluting with an 
equal volume of water the suspended humin was removed by 


4 
>. 
ea 
¥ 
+) 
4 
‘Se 
| 
] 
ix 


O. Johns and ID. B. Jones 


filtration. The filtrate was largely decolorized by treatment 
with norite, and both the latter and the suspended humin which 
had been filtered off were thoroughly washed with hot water. 
and the washings added to the main solution. A pale vellow 
solution of the hydrolysis products was thus obtained. After 
concentrating the solution to about 1,000 ce., it was saturated, 
cold, with hydrochloric acid gas and allowed to stand at O°C. tor 
about 3 months. There were obtained in the usual way 106.22 
gm. of pure glutaminie acid hydrochloride, equivalent to 85.54 
gin. of the free acid, which together with a small amount obtained 
from a subsequent fraction amounts to 19.07 per cent of the pro- 
tein. The glutaminie acid hydrochloride decomposed sharply 
at 197-198°C. The free acid, obtained by decomposing some ot 
the hvdrochloride with the caleulated amount of potassium 
hvdroxide, decomposed at 202°C. Determination of amine 
nitrogen gave the following results: 


0.1380 gm. of substance gave 24.8 ce. of nitrogen (24°C... 75S mm. 
Calculated for 


Found 
percent per cen! 
N 52 52 


The combined filtrates from the glutaminice acid hydrochloride 
were made up to 1,000 ce. For the determination of the other 
monoamino-acids, an aliquot was taken which represented 200 
gin. of the protein. The original protein used for the hydrolysis 
contained 17.47 per cent of nitrogen, so the 200 gm. represented 
in the aliquot taken for analysis should have contained 34.95 gm. 
of nitrogen. However, a nitrogen determination showed that 
the solution contained but 34.45 gm. of nitrogen after having 
made corrections for the nitrogen which had been previously 
removed in the glutaminie acid and humin, leaving, therefore. 
O49 gm. of nitrogen unaccounted for, due to losses involved 
during hydrolysis, treatment with norite, and removal of glu- 
taminic 

Concentrated hydrochloric acid was added to the solution to 
the extent of 3.5 per cent, and the basie amino-acids were removed 
by means of phosphotungstic acid from a volume of 2,000. ce. 
The bulky precipitate of phosphotungstates was washed in the 
usual manner and the excess of phosphotungstic acid removed 
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with ether-amyl alcohol mixture. The hydrochloric acid) was 
removed with silver sulfate. A determination of the total nitro- 
gen in the solution showed that IS.S1 gm. of nitrogen had been 
removed incident to the removal of the bases. ‘The basie amino- 
acids, soluble humin, and amide nitrogen which this solution 
should have contained as calculated on the basis of the per- 
centages reported ino a previous publication (2) would have 
represented 16.61 gm. of nitrogen, leaving, therefore, 2.20 gm. 
unaccounted for. By thoroughly rewashing the precipitate of 
phosphotungstates 1.426 gm. of nitrogen were regained, still 
leaving 0.57 gm. unaccounted for. The combined solutions of 
the free amino-acids were then concentrated, and after removing 
2.53 gm. of tvrosine were subjected to the butvl alcohol extrac- 
tion as described by Dakin (1). 

solution of amino-acids was reduced to a 
volume of 600 ce. and extracted for about 35 hours with normal 
butvl alcohol according to the manner deseribed by Dakin. 
The aqueous solution was then made nearly neutral with barium 
hydroxide and the extraction continued for about 30 hours. The 
extractions were run during the dav, and, after standing over 
night, the separated amino-acids were filtered off and most of 
the butvl aleohol was distilled under reduced pressure, the residue 
heing reserved for the proline determination. The extraction of 
the aqueous solution was resumed each morning using fresh buty1 
aleohol and in that wav a long continued heating of any of the 
amino-acids in the butyl aleohol was avoided. “The extraction flask 
containing the butyl alcohol was heated in an oil bath at a tem- 
perature adjusted so as to give a moderately rapid flow of alcohol 
returning to the flask. There were obtained a total of 38.52 gm. 
of amino-acids insoluble in the butvl aleohol. larly in the course 
of the extraction small amounts of a thiek, reddish oil were carried 
over, which gradually adhered to the bottom of the flask, amd 
could thus be largely separated from the amino-acids in suspen- 
sion. During the whole extraction 4.5 gm. of this substance were 
obtained. It is readily soluble in water in which it reacts slightly 
alkaline to litmus, but is insoluble in aleohol. On long standing 
it showed no tendeney to ervstallize. Its general behavior 
strongly suggested it to be a product of secondary origin. 
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Di-Basic Acids.—The aqueous solution remaining after the 
extraction with butyl aleohol was concentrated to about 200 ce. 
and the barium hydroxide removed quantitatively with sulfurie 
acid. Hydrochloric acid was added to the extent of 20 to 30 
per cent, and the solution boiled for 17 hours to hydrolyze any 
pyrrolidone carboxylic acid which may have been present. The 
solution was then examined in the usual way for glutaminic acid 
as the hydrochloride but not any was obtained. After most of 
the hydrochloric acid was removed by distillation under reduced 
pressure, the amino-acids in the solution were converted into their 
‘alcium salts according to the method of Foreman (4). ILAl 
gm. of copper aspartate were obtained in the usual charactertst te 
erystal form. 


0.2033 gm. of substance (air-dried) gave O.O591 gm. of copper oxide. 
Caleulated for 
CyHstuNCu. Found. 


per cent pee recent 


The filtrate from the copper aspartate, after removing the cop- 
per, was examined for hydroxyglutaminic acid, and about 9 gm. 
of a silver salt were obtained, the analysis of which did not agree 
with that of silver hydroxyglutaminate. The silver was removed 
with hydrogen sulfide, and on concentrating the solution 1.22 gm. 
of aspartic acid crystals separated. They turned red but did not 
melt below 280°C. Their identity was confirmed by conversion 
into the copper salt, the analysis and physical properties of 
which agreed with those of copper aspartate. 

The residue obtained by evaporating the filtrate from the 
aspartic acid to dryness weighed 2 gm. This residue further 
yielded 1 gm. of glutaminie acid crystals which decomposed with 
effervescence at 203°C. It is therefore evident that the first 
separation of glutaminic acid was practically complete. The 
very thick svrup composing the final residue may have been 
hydroxyglutaminic acid, or it may have been pyrrolidone car- 
boxylie acid derivative. The amount was so small that it was 
not further examined. 

The alcoholic filtrate from the caleium salts, after removal 
of the calcium with oxalic acid, yielded 8.34 gm. of sub- 
stance having a sweetish taste. It was examined for glvcine 
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in the usual way by esterification, but no trace of glycine ester 
hydrochloride could be detected. The hydrochloric acid was 
removed with silver sulfate, and the substance recovered. Not- 
withstanding repeated attempts by fractional crystallization, 
no definite product could be obtained. The substance crystal- 
lized mostly in nodular aggregates, and at times a few plates 
characteristic of serine were discernible. Analvsis showed the 
mixture to have 38 per cent of carbon and 7.26 per cent of hydro- 
gen. Unfortunately a considerable portion of this mixture was 
accidentally lost. About 1 gm. of the remainder was treated 
with phosphotungstic acid in 10 per cent sulfuric acid, and char- 
acteristic erystals of alanine phosphotungstate were obtained. 
As is shown in the following publication (3), the coconut globulin 
contains serine, so that there is little doubt that the above 
mixture consisted almost wholly of alanine and serine. On this 
assumption the original 8.34 gm. of the mixture consisted of 5.02 
gm. of alanine, and 3.32 gm. of serine, as calculated on the basis 
of the percentage of carbon found. 

Proline—-The butyl alcoholic filtrates, containing the proline 
and obtained after filtering off the amino-acids, were concen- 
trated to rather small volumes, and allowed to stand for 2 or 3 
days. The substance which separated was filtered off, washed 
with alcohol, and the filtrate and washings were taken to dryness, 
The residue was then taken up with a small amount of water, 
the insoluble portion removed by filtration, and the filtrate again 
taken to dryness. By alternately extracting the residue with 
water and absolute alcohol in this way, there was finally obtained 
a product which was readily soluble both in cold absolute alcohol 
and water. Dakin has shown that the proline residue obtained in 
this way is much purer than might be expected and that “it 
compares favourably with the  aleohol-extraction product 
obtained by the ester method.” ‘The total non-proline substance 
removed was reserved for further examination. The final pro- 
line residue was dissolved in water and made up to 500 ec. ‘Total 
nitrogen and amino nitrogen determinations were made on 10 ce. 
aliquot portions. There were found 1.9740 gm. of total nitro- 
gen, and 0.6248 em. of amino nitrogen. The difference, or non- 
amino nitrogen, 1.3492 gm., represented 11.08 gm. of proline, 
equivalent to 5.54 per cent of the globulin. 
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| Leucylvaline Anhydride.—The material which separated from 
the alcoholic proline solutions, previously referred to, weighed 
about 4 gm., of which 1.2 gm. consisted of a substance extremely 
difficultly soluble in water. It erystallized from absolute alcohol 
in a voluminous mass of long, fibrous, hair-like crystals. It was 
| moderately soluble in boiling absolute alcohol, easily soluble in 
hot glacial acetic acid, difficultly soluble in dilute hydrochloric 
5 acid, and extremely difficultly soluble in boiling water. It had 
| a bitter taste, and when heated in an open vessel sublimed in 
voluminous clouds, which filled the upper part of the vessel. 
It melted to a dark oil at 285-287°C. and gave the following 
results on analysis: 


0.1524 gm. of substance gave 0.3477 gm. of carbon dioxide and 0.1154 
gm. of water. 
| 0.0978 gm. of substance required 9.35 cc. of 0.1 acid. 


Caleulated for 
Found. 
per cent per cent 


| All the observed properties of this compound, together with 
the result obtained by analysis, agree closely with those of the 
: anhvdride of the dipeptide, leuevlvaline, as described by Abder- 
halden and Funk (5). Lack of sufficient material prevented a 
satisfactory identification of the products which it vielded on 
hvdrolvsis with concentrated hyrochlorie acid. 

The monoamino-acids which were extracted from the aqueous 
| solution by the butyl alcohol appeared to be contaminated to a 
4 certain extent by the syrupy substance insoluble in alcohol which 
‘ has been already referred to, so that the attempt to separate and 
3 determine these amino-acids was abandoned. ‘The most soluble 
portions, however, were examined for glycine, both as the picrate 
and the ester hydrochloride, but none could be detected. 

A complete determination of these amino-acids in a separate 
hydrolysis in- now in progress. 


SUMMARY. 


The hydrolysis products of the globulin of the coconut were 
subjected to the butvl alcohol extraction method of Dakin. 
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Attention was confined chiefly to the amino-acids remaining 
in the aqueous solution after the extraction. The following 
values were found: glutaminic acid, 19.07; aspartic acid, 5.12; 
alanine, 2.67; and serine, 1.76 per cent. No hydroxyglutaminic 
acid or glycine could be detected. 

From the amino-acids extracted by the butyl alcohol 5.54 per 
cent of proline, and 0.64 per cent of leucylvaline anhydride were 
isolated. 
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HYDROLYSIS OF THE GLOBULIN OF THE COCONUT, 
COCOS NUCIFERA. 


By D. BREESE JONES anp CARL O. JOHNS. 


(From the Protein Investigation Laboratory, Bureau of Chemistry, United 
States Department of Agriculture, Washington.) 


(Received for publication, August 27, 1920.) 


In the preceding paper from this laboratory (1) we have 
described the determination of some amino-acids from the glob- 
ulin of the coconut by means of the butyl alcohol extraction 
method of Dakin (2). This article contains the percentages of 
those amino-acids which remained in the aqueous solution of the 
hydrolysis products after it had been subjected to extraction 
with butyl aleohol. These amino-acids include glutaminie and 
aspartic acids, serine, and alanine. The presence of neither 
hyvdroxyglutaminie acid nor glycine was established. Proline 
and leueylvaline anhydride, both of which were carried over by 
the butyl alcohol, were also determined. 

Since difficulty was encountered in the separation of the other 
amino-acids extracted by the butyl alcohol, a new hydrolysis of 
the same protein has been undertaken and a complete deter- 
mination of the degradation products made according to methods 
not involving extraction with butyl alcohol. This analysis not 
only gives the percentages of those amino-acids which had not 
been determined in the previous hydrolysis, but also furnishes 
supplemental data for comparison with those which had been 
already obtained. 

Somewhat of a departure has been made from the usual order 
of procedure in the analysis of the hydrolysis products of pro- 
teins. Before attempting to determine any of the amino-acids, 
the hexone bases were first removed with phosphotungstie acid. 
Glutaminic acid was then removed as completely as possible as 
the hydrochloride, followed by removal of the remaining di-basic 
amino-acids. Proline and peptide anhydrides were next re- 
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moved. The remaining amino-acids were then esterified, with 
very satisfactory results, by means of their lead salts according 
to the recently published method of Foreman (3). The isolation 
and determination of the amino-acids obtained from the esters 
were accomplished for the greater part in the usual way. 

The results of this hydrolysis are given in Table I under Anal- 
vsis 2. For comparison there is also included in this table, 


TABLE I. 
Amino-Acids in Coconut Globulin. 


Highest value 


Amino-acid. Analysis 1.* | Analysis 2. 

per cent per cent per cent 

| 0.00 Trace. | Trace. 
Phenylalanine................ 2.05 2.05 
Hydroxyglutaminic acid...... | 0.00 0.00 0.00 

| | 5.80 

Leucylvaline anhydride............) 0.64 0.14 | 0.64 


* Johns and Jones (1). 


under Analysis 1, the percentages of the amino-acids obtained by 
means of the butyl alcohol extraction method. The last column 
contains the highest percentages obtained from both analyses. 
It is of interest to note that the summation of these figures is 
among the highest that have been heretofore obtained in the 
analysis of the hydrolysis products of proteins. 

The percentages of the basic amino-acids in coconut globulin, 
as determined by the Van Slyke method, have already been 
published (4). 
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The butyl alcohol extraction method gave the higher results 
for aspartic and glutaminie acids, proline, and serine. The 
difference in the amounts of aspartic acid obtained is consider- 
able, while the figures for glutaminie acid are in very close agree- 
ment. In neither analysis could the presence of hydroxvglu- 
taminie acid be established. 

The low result obtained for proline in Analysis 2 may be partly 
accounted for by the difficulty encountered when filtering and 
washing the excess of lime while removing the di-basic acids by 
the lime-aleohol method. 

The percentage of alanine given under Analysis 1 shows only 
the amount that remained in the aqueous solution after the 
extraction, since that extracted by the butyl aleohol was not 
determined. 

No glycine was obtained from Analvsis 1, while its presence in 
small amount was detected in Analysis 2, both as the picrate 
and the 8-naphthalenesulfone derivative. 

The total amount of tyrosine isolated at various stages of the 
analysis amounted to 6.32 gm. or 2.3 per cent of the protein. 
This is within less than 1 per cent of the amount found by the 
colorimetric method of Folin. Several undetermined syrupy 
residues obtained during the analysis still gave strong positive 
tests for tyrosine with Millon’s reagent. 

All the serine which was isolated in Analysis 2 was obtained 
from the unesterified portion of the amino-acids. This fraction 
was filtered off with the barium residues which remained after 
liberation of the esters in chloroform with barium hydroxide. 


EXPERIMENTAL. 


276 gm. of the ash- and moisture-free coconut globulin were 
hydrolyzed by first warming on a steam bath with 1,000 ec. of 
hydrochloric acid (specific gravity 1.1) until practically all had 
dissolved. The hydrolysis was then continued by boiling in an 
oil bath for 36 hours. The color was largely removed from the 
solution by means of norite, and the bases were precipitated 
with phosphotungstic acid according to the method of Van 
Slyke. The precipitation was made from a total volume of 18 
liters of solution in three separate portions of 6 liters each. After 
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standing for 41 hours the erystalline precipitates of phospho- 
tungstates were removed by filtration and thoroughly washed in 
the prescribed manner. From the combined filtrates and wash- 
ings, which had been reduced in volume to about 3 liters, there 
further separated on standing an appreciable amount of a crystal- 
line phosphotungstate precipitate. In view of the fact that this 
second crop of phosphotungstates had separated from a solution 
which had been greatly reduced in volume, and which now con- 
tained about 20 per cent of hydrochloric acid, it was subjected 
to a thorough examination in order to eliminate the possibility of 
loss of any monoamino-acids which might have separated from 
the concentrated solution. All that could be isolated and iden- 
tified consisted only of 0.23 gm. of tyrosine and 0.76 gm. of glu- 
taminic acid. It is probable that even these had been carried 
down by adsorption with the phosphotungstates of the bases. 
Phosphotungstie acid was removed from the combined filtrates 
and washings from the phosphotungstate precipitates, and the 
solution of amino-acids concentrated to about 600 ec. After hav- 
ing been saturated with hydrochloric acid in the usual way, this 
solution gave a large yield of erystalline hydrochlorides, which 
were washed with cold, concentrated hydrochloric acid, dissolved 
in water, and reprecipitated by again saturating with hvydro- 
ehloric acid gas. 50.37 gm. of glutaminic acid hydrochloride 
were finally obtained which decomposed with effervescence at 
199-200°. By concentrating the filtrate from the reprecipi- 
tated glutaminic acid hydrochloride a second crop of erystals 
weighing 10.14 gm. was obtained. <As this contained amino- 
acids other than glutaminic acid it was recrystallized from con- 
eentrated hydrochloric acid, and 3.83 gm. of glutaminic acid 
hydrochloride were obtained which decomposed at 199°. The 
traces of di-basic amino-acids remaining in the filtrate from this 
last crop were removed by means of the lime-alcohol method of 
Foreman (5) and added to the original filtrate from the glutaminic 
acid. From the alcoholic filtrate 1.52 gm. of phenylalanine were 
obtained. 

The combined filtrates from the glutaminic acid hydrochloride 
were concentrated under reduced pressure to a thick syrup. 
The di-basie amino-acids still remaining in the solution were then 
removed as their calcium salts by means of the lime-alcohol 
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method. Some difficulty was encountered at this stage when 
filtering off and washing the calcium residue which remained 
after adding the lime to the solution of amino-acids. The residue 
did not settle readily in the usual manner, but formed a sticky, 
gelatinous mass which filtered with great difficulty. ‘The pre- 
cipitated calcium salts yielded by the usual methods 10.70 gm. 
of aspartic acid, 1.50 gm. of glutaminie acid, both isolated as their 
copper salts, and 4.61 gm. of glutaminie acid isolated as the hydro- 
chloride. ‘The copper aspartate gave the following results on 
analysis: 


0.2217 gm. of substance (air-dried) gave 0.0647 gm. of copper oxide. 


Calculated for 
CaHsOaN Cu .4$H2O. Found. 


per cent per cent 
25 07 23 . 32 


The alcoholic filtrate from the precipitated calcium salts, 
amounting to about 3,500 ce., was concentrated to a syrup and 
diluted with water to a volume of about 1 liter. The calcium 
was removed by means of ammonium oxalate, and 4.28 gm. of 
tyrosine were isolated from the somewhat concentrated solution. 


0.1571 gm. of substance gave 0.5456 gm. of carbon dioxide and 0.0888 


gm. of water. 
Caleulated for 


CeHuwOsNn. Found. 

per cent per cent 

Misa 59 67 60 OO 
6.08 6.28 


Chlorine was removed with silver sulfate, and the solution 
of amino-acids concentrated to about half its volume by dis- 
tillation with a slight excess of barium hydroxide, in order to 
expel ammonia. ‘The barium was removed quantitatively with 
sulfuric acid and the solution evaporated to dryness by distilla- 
tion under reduced pressure. ‘The residue of amino-acids thus 
obtained weighed 99 gm. Proline was removed in the usual way 
by extraction with absolute alcohol. The residue remaining 
after distilling off the aleohol contained 0.4 gm. of a substance 
which was difficultly soluble in water. This compound crystal- 
lized from absolute aleohol in long, fibrous, hair-like needles, and 
melted to a dark oil at 285°. It was identical in every respect 
with the leueylvaline anhydride previously described and isolated 
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from this same globulin (1). The final syrupy residue of proline, 
which was completely soluble both in cold, absolute alcohol and 
in water, contained 0.4410 gm. of amino nitrogen and 1.2495 
gm. of total nitrogen. The difference, or non-amino nitrogen, 
amounting to 0.8085 gm., 1s equivalent to 6.64 gm. of proline. 
In order to separate the amino-acids which were insoluble in 
alcohol, they were esterified, and the ethyl esters fractionally 
distilled. The esterification was accomplished according to the 
method deseribed by Foreman (3). The amino-acids were con- 
verted into their lead salts and the thoroughly dry salts sus- 
pended in about 750 ec. of absolute alcohol. The liquid was 
then saturated with dry hydrochloric acid gas, at first without 
cooling, and finally in a freezing mixture. After filtering off and 
washing the precipitated lead chloride, most of the free hydro- 
chlorie acid was removed by distillation at 40°, until the volume 
had been reduced about one-half. The hydrochloric still 
remaining was just barely neutralized with a solution of ammonia 
gas in absolute aleohol. After filtering off the ammonium chlo- 
ride, and removing the alcohol by distillation, the residue was 
dissolved in dry chloroform, and the esters were liberated from 
their hydrochlorides by shaking with dehydrated barium hydrox- 
ide.!. Chloroform was removed from the clear solution of esters 
obtained after filtering off the solid barium residue, and the esters 
were shaken with anhydrous ether. An appreciable amount of 
substance did not dissolve. Since it appeared probable that this 
consisted largely of ester hydrochlorides which had escaped 
decomposition by the barium hydroxide, it was again dissolved 
in chloroform and shaken with more barium hydroxide. A slow 
rise in temperature was noticeable. ‘The product obtained after 
removing the barium residue and chloroform was now practically 
all soluble in ether. 
The ether was removed from the united esters by distillation 
at atmospheric pressure and 95 gm. of esters were obtained. 
The ether and chloroform, as well as the barium residues, which 
were removed from the esters, were reserved for further examina- 
tion as follows. 


' The barium hydroxide was prepared by heating the ordinary octahy- 
drate in an open porcelain dish over a free flame until a perfectly dry 
residue was obtained. This was powdered and finally heated in a vacuum 
oven for 5 to 6 hours at 105-110°. 
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The Ether and Chloroform Distillates from the Esters. 


The ether which had been distilled from the esters was strongly 
acidified with an absolute alcoholic solution of hydrochloric acid 
gas, and allowed to stand at 0° for about 4 weeks. There was 
no separation of glycine ester hydrochloride. The ether was 
distilled off, and the residue added to that obtained in a similar 
way from the chloroform distillate. The united residues were 
boiled with water, hydrochloric acid was quantitatively removed, 
and the solution evaporated to dryness. ‘The residue, weighing 
4.25 gm., consisted of a mixture of alanine, valine, and leucine. 
This was added to the amino-acids of Fraction I of the distilled 
esters. 


The Bartum Residues Obtained after Liberation of the Esters. 


The barium residues were warmed with a slight excess of dilute 
sulfuric acid, and the rather large precipitate of barium sulfate 
was filtered off by suction and thoroughly washed. Hydrochloric 
acid was removed with silver sulfate, and the sulfuric acid with 
barium hydroxide. The solution was concentrated to about 60 
e¢c., from which on standing 0.47 gm. of tyrosine separated. 
The filtrate from the tyrosine on slow evaporation vielded 3.33 
gm. of serine, which separated in hard, lustrous rosettes of thick 
plates, or prisms. The serine, which had a somewhat sweetish 
taste, began to turn brown at about 210°, and at 235° (uncor- 
rected) decomposed with effervescence to a reddish liquid. It 
gave the following results on analysis: 


0.1731 gm. of substance gave 0.2169 gm. of carbon dioxide and 0.1013 


gm. of water. 
Calculated for 


CallrOsNn. Found. 

per cent per cent 


From the filtrate, 0.56 gm. more of serine was obtained. The 
final, thick, syrupy filtrate was treated with 8-naphthalenesul- 
fonyl chloride according to the method of Embdem and Tachau 
(6), with the idea of isolating any serine that might still remain 
in the filtrate. There were obtained 1.44 gm. of a product which 
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separated from absolute alcohol in the form of hard, granular 
crystals. It melted to an oil at 148° (uncorrected), and gave the 
following results on analysis: 


0.1690 gm. of substance gave 0.3341 gm. of carbon dioxide and 0.0636 
gm. of water. 


Found 
per cent 


The product was readily soluble in absolute alcohol, from 
which it separated again only with difficulty. In boiling water 
it dissolved sparingly, and separated again on cooling, at first as 


TABLE Il. 


Temper- Temper- 
Fraction No. Pressure. Weight. 
up to up to 

mm gm. 
Distillation residue................ 21 
Contents of the liquid air tube... .| | | 2 


a fine, oily suspension which gradually crystallized forming 
microscopic clusters of radiating long plates or prisms. The 
substance now sintered at about 150°, and melted indefinitely 
between 160-180°. The 8-naphthalenesulfone derivative of 
serine contains 52.88 per cent of carbon, and melts at 220° (6) 
while the corresponding derivative of glycine, which contains 
54.34 per cent of carbon, sinters, according to Fischer and Bergell 
(7), at 151° and melts at 156°. It will be seen that the com- 
position and melting point of the product obtained le between 
those given for the glycine and serine derivatives, indicating a 
mixture of the two, consisting chiefly of the former. 

The esters obtained after distilling off the ether were separated 
into fractions by fractional distillation under reduced pressure 
as given in Table II. ; 

Fraction I.—The esters of this fraction were hydrolyzed by 
boiling with water, and 18.16 gm. of amino-acids obtained. To 
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these were added the amino-acids obtained from the ether and 
chloroform distillates from the esters. By direct fractional 
crystallization, 11.34 gm. of alanine were isolated. 


0.1743 gm. of substance gave 0.2572 gm. of carbon dioxide and 0.1207 


gin. of water. 
Calculated for 


Found. 
per cent per cent 


The less soluble portion of this fraction consisted of a mixture 
of valine and leucine. They were separated by means of the 
lead salt method of Levene and Van Slyke (8). 5.23 gm. of 
leucine were obtained as the lead salt. 


0.3346 gm. of substance gave 0.2173 gm. of lead sulfate. 


Caleulated for 
(CeHwO2N2)2Pb. Found. 


per cent per cent 


The filtrate from the lead salt of leucine yielded 6.45 gm. of 
valine. Analysis showed it to have the following composition: 


0.1504 gm. of substanee gave 0.2841 gm. of carbon dioxide and 0.1258 


gm. of water. 
Calculated for 


CsHnOwN. Found. 
per cent per cent 


The residual filtrate from the alanine, which consisted of 
only about 1 gm. of a syrupy substance, vielded with picrie acid 
0.32 gm. of a picrate which melted with decomposition at 200°. 
The decomposition point of glycine picrate is given by Levene 
and Van Slyke (9) as 202°. 

Fraction II.--The amino-acids obtained from the esters of this 
fraction, after hydrolysis by boiling with water, vielded by the 
usual methods 1.22 gm. of proline, 11.20 gm. of leucine, and 
3.40 gm. of valine. The leucine was isolated as the lead salt. 


0.3495 gm. of substance gave 0.2263 gm. of lead sulfate. 
Calculated for 
(CeHwO2Ne)2 Pb. Found. 
per cent per cent 


Pb 44.29 44.22 
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Distillation Residue.—The distillation residue was shaken with 
a mixture of five volumes of water and an equal volume of ether. 
The ether extract yielded 3.80 gm. of phenylalanine. 


0.1577 gm. of substance gave 0.3765 gm. of carbon dioxide and 0.0947 
gm. of water. 
Calculated for 


Found. 

per cent per cent 


The aqueous solution remaining after removing the phenyl- 
alanine ester with ether was boiled for 5 hours with an excess of 
barium hydroxide. After quantitative removal of the barium 
with sulfuric acid, the solution was boiled with copper carbonate, 
and 3.25 gm. of a bluish slate-colored copper salt were obtained. 
‘The copper was removed from the salt with hydrogen sulfide, 
and 1.69 gm. of a substance were obtained which contained 60.86 
per cent of carbon and 6.83 per cent of hydrogen. It crystallized 
partly in plates resembling phenylalanine, and gave a deep, cherry- 
red color with Millon’s reagent. The analysis and properties of 
this substance indicated that it was a mixture which, based on 
its carbon contents, consisted of 1.34 gm. of tyrosine and 0.35 gm. 
of phenylalanine. 

The filtrate from the above copper salt, after having been 
freed from copper, gave a syrup from which, on long standing, no 
crystalline product separated. It was boiled for 14 hours with 
25 per cent hydrochloric acid to regenerate any: glutaminic acid 
which may have been converted during the preceding operations 
into pyrrolidone carboxylic acid. 1.51 gm. of glutaminic acid 
hydrochloride were obtained, which decomposed with efferves- 
cence at 197°. 

The filtrate from the glutaminic acid hydrochloride was sub- 
jected to the lime-aleohol method for isolating the di-basic acids, 
and the latter were examined for hydroxyglutaminic acid accord- 
ing to the method of Dakin (2). About 2 gm. of an unpromising 
looking silver salt were obtained. Its silver content did not 
agree with that of silver hydroxyglutaminate. In view of both 
its small amount and impure character its further examination 
was discontinued. 
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Tyrosine.—An amount equivalent to 1 gm. of the ash- and 
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moisture-free protein was hydrolyzed by boiling for 12> hours 
with 25 per cent hydrochloric acid, and the amount of tyrosine 
determined colorimetrically according to the method of Folin 
and Denis (10, 11). The tyrosine was found to comprise 3.18 
per cent of the protein. 


SUMMARY. 


The globulin of the coeonut has been hydrolyzed, and the 


resulting amino-acids have been determined (Table I). 


By changing the order of procedure usually followed in con- 


nection with protein hydrolysis, and by applying several rathe: 
recently described methods, 78.15 per cent of the hydrolysis pro- 
ducts of the protein used has been identified and determined. 


The order of procedure followed in the isolation and determi- 


nation of the amino-acids was as follows: removal of the hexone 
bases with phosphotungstie acid; separation of most of the 
glutaminic acid as the hydrochloride; precipitation of the remain- 
ing di-basic amino-acids as their caleium salts; extraction ot 
proline and peptide anhydrides with absolute alcohol; esterifica- 
tion of the remaining amino-acids by means of the lead salt 
method of Foreman; fractional distillation of the esters under 
reduced pressure; and, finally, regeneration and isolation of the 
amino-acids in the usual manner. 


Acknowledgment is hereby made to Mr. C. FE. F. Gersdorff for 


all the carbon and hydrogen determinations made in connection 
with this hydrolysis. 
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SOME PROTEINS FROM THE MUNG BEAN, PHASEOLUS 
AUREUS ROXBURGH. 


By CARL O. JOHNS anp HENRY ©. WATERMAN, 


(From the Protein Investigation Laboratory, Bureau of Chemistry, United 
States Department of Agriculture, Washington.) 


‘Received for publication, September 8, 1920.) 


The mung bean, or green gram, is cultivated throughout the 
southern half of Asia, in the Malay Islands, and quite generally 
throughout the eastern portions of Africa. It is an important 
crop in India. It has also been cultivated with some success in 
various places in the middle and southern United States. The 
earliest varieties mature in about SO days. 

In India the seeds are used almost exclusively as human food, 
the straw being fed to cattle. In this country the plant has been 
grown both as a forage crop and as a green manure for wheat. 

The beans used in this investigation were furnished by the 
Bureau of Plant Industry and were of the common, olive-green 
variety, ovoid to globose in shape, and about ~ inch in length. 
The variety described by Roxburgh was the less common yellow 
seeded sort, which accounts for the discrepancy bet ween the botan- 
ical name and the color of the ordinary mung bean. 

The mung bean contains about 21.74 per cent of protein (N 
< 6.25). A series of experiments made with aqueous solutions 
of sodium chloride (Table I) indicated 5 per cent as the most 
effective concentration of this salt for the extraction. From the 
finely ground seed twenty volumes of 5 per cent sodium chloride 
solution dissolved about 19 per cent of protein, calculated on the 
dry weight of the meal used, or 87.5 per cent of the total protein. 

The coagulation points of the proteins in the 5 per cent sodium 
chloride extract and their precipitation limits with ammonium 
sulfate were next determined. A very low coagulation point 
(about 40°C.), together with two others at higher temperatures, 
indicated an albumin and two globulin fractions. The experi- 
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304 Mung Bean Proteins 


ments with ammonium sulfate confirmed the indieation of the 
coagulation points regarding the globulins. ‘wo principal frae- 
tions were precipitated, the first at from 0.15 to 0.20 of saturation 
vith the precipitant, the seeond at 0.65. 

on the basis of the information thus obtained the separation 
of the three protein fractions was undertaken. The procedure 
in the fractionation of the globulins was essentially the same as 
that used by us in isolating the globulins of the Georgia velvet 
bean: that is, a muddle fraction, from the apparent upper limit of 
the jirst main precipitate to the apparent lower limit of the see- 
ond, was removed before the latter was precipitated. The middle 
fraction was found to be a nuxture of the two globulins. That 
two principal globulins may thus be obtained in a considerable 
degree of purity is demonstrated by the fact that, in the investiga- 
tion referred to, a globulin containing no detectable trace of 
tryptophane was separated from one which gave a strongly posi- 
tive test for this amino-acid. 

The albumin of the mung bean was obtained by coagulation. 
Its solutions were freed from soluble imorganic salts by dialysis, 
whereby the globulins were precipitated. The filtered dialysis 
liquors vielded the albumin on very slightly acidifving and heat- 
ing for a long time at about 45°C, 

The three types of protein preparations differ markedly in 
physical properties, in elementary composition, and, in the case 
of the two globulins, in their content of the basie amino-acids. 
The vield of the albumin (0.05 per cent) was so small that a deter- 
mination of the basic amino-acids was impracticable. 

The first globulin fraction, precipitated at 0.20 of saturation 
with ammonium sulfate, coagulated from its slightly aetditied 
solutions at 05-1l00°C., and contained about 1.5 per cent of sulfur. 
It has been designated in this paper as the a-globulin. The see- 
ond fraction, produced by raising the concentration of ammonium 
sulfate in the filtrate from the a-globulin to 0.60 of saturation, 
proved to be a mixture of the a- and 8-globulins. The third 
fraction, or 3-globulin, was precipitated by making the filtrate 
from the seeond fraction 0.65 saturated with the precipitant. 
It coagulated at GS-71°C., and contained about O.4 per cent of 


Johns, C. O.. and Waterman, H. C., J. Brol. Chem., 1920, 59. 
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sulfur. Albumin was found in the precipitates of the a-globulin 
and of the second fraction, and was recovered from the super- 
natant liquid after the precipitation by dialysis of the redissolved 
globulin. 

The percentages of the basic amino-acids in the two globulins 
were determined by Van Alyke’s method? with results as given 
in ‘Table 

TABLE I. 
Basie Amino-Acids in the Mung Bean Globulins. 


a-Cilobulin 
\ 

I I lil 

r , r cent je nf pr per PrP net 
('yvstine 1 44 1 53 () 1) 
Histidine 3.26 3.20 1 oF 2 2 O04 


The method of isolation in detail, and the analysis and phys- 
ical properties of the proteins are given in the following section. 


EXPERIMENTAL. 
Preliminary. 


Extraction Experiments. beans were ground in a power- 
driven pulverizing mill. Extraction experiments were made 
upon the resulting fine meal with sodium chloride in various 
concentrations to ascertain the solvent best suited for the glo- 
bulins. Samples of 10 gm. each of the meal were added to 200 
gm. portions of the solvent and stirred until thorough mixture 
was obtained. The meal was left in contact with the solvent for 
3 hours, with frequent stirring in order to secure as complete an 
extraction as possible. The extracts were then filtered through 
small folded filters and duplicate 10 ce. aliquots from each filtrate 
analyzed for nitrogen? (Table Il). The maximum extraction 


? Van Slyke, D. D., J. Biol. Chem., 1911-12, x, 15. 

> Acknowledgment is due te Mr. S. Phillips of this Laboratory for 
assistance in the determinations of nitrogen made in the preparation of 
this paper. 
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was obtained with 5 per cent salt solution; 19.00 per cent of 
protein (N & 6.25), caleulated on the basis of the dry meal 
sample, was dissolved. ‘This solvent was selected, therefore, for 
the extraction of the globulin preparations. 


TABLE I. 
Preliminary Extraction Experiments. 


Concentration of NaClin Protein extracted*® 


Nitrogen extracted * 


solvent N & 6.295 
percent | per cent per cent 
0.1 | 212 | 13 25 
1.0 | 2.29 14 31 
3.0 | 2 58 | 16.13 
5.0 | 3.04 | 19 Ow 
7.0 | 2 93 18 31 
9.0 2 9 | IS 25 
11.0 | 2 86 | 17 88 
4.5 | 2 96 | 18 50 
5.5 | 294 | IS 38 


* Calculated on the basis of the total dry meal used. 


Coagulation Points of the Proterns in the Saline To 
determine the number of proteins present in the 5 per cent sodium 
chloride extract and to ascertain the method best adapted for 
their separation, coagulation points and precipitation limits with 
ammonium sulfate were determined. 

The apparatus used for the coagulation experiments consisted 
essentially of a thin walled test-tube, provided with a stirrer and 
thermometer, to contain the extract; the tube was suspended in 
a beaker which served as a water bath. <A black background 
placed immediately behind the beaker made the slightest tur- 
bidity of the liquid in the tube clearly visible. 

With a steady rise of temperature in the tube of about 0.2°C. 
per minute a cloud appeared at about 38°C. This increased 
gradually in density until the temperature reached 42.8°C., 
when a floceculent coagulum began to settle. After heating at 
this temperature for 3} hour the supernatant liquid was clear 
again. ‘The very small precipitate was filtered out and the heat- 
ing resumed. A second precipitate, even smaller than the first, 
appeared at 52-56.6°C., This was removed as before and two 
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large coagula were obtained at 64-75°C. and at 91-L00°C. = ‘Three 
distinct protein fractions were thus indicated, the first of which, 
by reason of its small amount and very low coagulation point, 
was undoubtedly albumin. The large quantity and higher coagula- 
tion points of the other two main fractions made it seem probable 
that they were globulins. 

Precipitation with Ammonium Sulfate-—A sample of LOO ce. 
of the extract was made successively from 0.05 to 0.70 saturated 
with the precipitant. The dry, finely pulverized salt was used, 
each portion added being entirely dissolved and the solution 
allowed to stand for some minutes before more was added. The 
first precipitate was produced at 0.15 of saturation. On inereas- 
ing the concentration of ammonium sulfate to 0.20 of saturation 
the precipitate was somewhat increased, became flocculent after 
a short time, and began to settle. It was allowed to stand for 
some hours, filtered, and the experiment continued with 50 ce. 
of the filtrate. At 0.25 of saturation no precipitate at all was 
produced. At 0.30 there was but a very slight turbidity. Irom 
this point on until 0.60 of saturation was reached each addition 
caused verv little increase in the cloudiness. At 0.60 of satura- 
tion the still very small precipitate became flocculent and was 
filtered off. The filtrate, about 45 cc., was made up to 50 ec. with 
0.60 saturated ammonium sulfate solution and another 0.05 of 
saturation of the solid salt added. A very heavy precipitate was 
immediately formed which was not noticeably increased by bring- 
ing the concentration of the precipitant up to 0.70 of saturation. 
When the filtrate from this fraction was saturated with ammonium 
sulfate only a barely visible opalescence resulted. The precipi- 
tution experiments, therefore, showed the presence of two glo- 
bulins, confirming the evidence of the coagulation experiments in 
this regard. 

On the basis of the information thus secured the isolation of the 
proteins was undertaken; and a number of preparations were 
made. The uniformity of composition of the preparations of 
ach type, together with the marked difference of these types 
from each other, furnished ample proof of their separate identity. 
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308 Mung Bean Proteins 
The a- and 8-Globulins. 


From 2 to 4 kilos of the bean meal were mixed with 5 liters 
per kilo of a 5 per cent aqueous solution of pure sodium chloride. 
The mixtures were kept in a state of vigorous agitation for 2 
hours by means of a mechanical stirrer after which they were 
allowed to stand for from 15 to 20 hours in a cold storage chamber 
at a temperature of about 2°C. knough filter paper serap was 
then added to produce a mass of 2 consistency suitable for press- 
ing. This pulp was placed in muslin bags and the extract ex- 
pressed in a powerful press. The liquid, which contained much 
starch and other suspended matter, was filtered through thick 
mats of filter paper pulp on large Buehner funnels. The filters 
were Washed with 5 per cent salt solution and the washings added 
to the filtrate. 

Preparation of the a-Globulin.—Vhough the upper limit indi- 
cated for this fraction in the preliminary experiments was 0.20, 
a concentration a little higher than that necessary to precipitate 
the fraction resulted in a more rapid settling and easier filtration; 
0.25 of saturation was used. No precipitation occurred at this 
point in the preliminary experiment. The precipitate became floe- 
eulent in 3 hour and settled during 15 hours standing. ‘The super- 
natant, nearly clear liquid was drawn off as completely as possible 
by means of a siphon and passed through a folded filter previously 
moistened with «a 0.25 saturated solution of ammonium: sulfate. 
The precipitate was then drained on similar filters. This process 
was very slow, the protein acquiring a gummy consistency which 
made it nearly inpervious to liquid. The preparation was 
washed from the filters with 0.25 saturated ammonium sulfate, 
thoroughly and repeatedly shaken with several liters of this wash 
solution, and again filtered off. The glutinous nature of the 
material was even more noticeable in this than in the first sepa- 
ration; and it impeded the filtration considerably. After about 
24 hours, however, the wash solution was usually found to have 
drained off and as much as possible of the globulin was redis- 
solved by pulping the filters in 1 or 2 liters of 5 per cent salt solu- 
tion. The ammonium sulfate remaining in the precipitate was 
not found in this ease to be sufficient to furnish a solvent for the 
globulin when water alone was used. The pulp from the disin- 
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tegrated filters was collected on a circle of filter cloth on a small 
Buchner funnel and formed into a thick mat through which the 
globulin solution was passed twice. Considerable denaturation 
evidently took place during the preceding processes, for a very 
fine suspension, quite insoluble in neutral solvents, was found 
mixed with the redissolved globulin and passed repeatedly through 
thick pulp filter mats. The globulin was freed from mineral 
salts and precipitated by dialysis in parchment paper bags against 
running water at a temperature of 10-12°C. When the super- 
natant liquid in the dialyzing bags no longer gave a test for 
sulfates or chlorides the globulin was separated from it by decan- 
tation and washed several times with distilled water. The albu- 
min, a part of which was thrown down from the extract with the 
a-globulin and remained in solution when the globulin was sepa- 
rated by dialysis, was thus removed. The material was finally 
suspended for 24 hours in absolute alcohol, filtered by suction, 
washed with absolute aleohol and with ether until the alcohol 
was washed out, and dried by heating at 110°C. in a vacuum 
oven. 

Preparation of the B-Globulin.—The filtrate and washings from 
the first precipitation of the e-globulin were measured and made 
0.60 saturated with ammonium sulfate. The small precipitate 
was filtered off, washed, redissolved, and dialyzed. A portion of 
the dialysis precipitate was dissolved in 5 per cent sodium chloride 
solution, when a determination of coagulation points showed It to 
be a mixture of the a- and 3-globulins. The residual liquid from 
the dialysis of this fraction contained albumin. ‘The filtrate 
from this mixed fraction was made up to 0.70 of saturation when 
the 3-globulin separated at once as a very voluminous, flocculent 
mass which gave to the whole liquid the appearance and con- 
sistency of thick cream. No protein could be detected in the 
filtrate, and the precipitate was not, therefore, washed with 
ammonium sulfate solution as was the a-globulin: otherwise 
the procedure was the same. The vield of the 3-globulin was 
from 5.75 to 6.00 per cent of the dry weight of the meal extracted. 

Physical Properties of the Globulins.-The preeipitation limits 
with ammonium sulfate were determined in the preliminary 
experiments, and are noted under that head. 
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The coagulation ranges of the isolated globulins were approx- 
imately the same as those found in the preliminary examination 
of the mixed extract, but were considerably narrower. The 
a-globulin coagulated between 95-100°C., the 8-globulin between 
6S-71°C. The determinations were made on small portions of 
the dialvsis precipitates dissolved in 5 per cent sodium chloride 
solution and acidified with a few drops of 1 per cent acetic acid. 
The results obtained with all our preparations of the globulins 
agree Closely with the above average figures. 

Microscopie examination failed to reveal any evidence of 
crystalline form in either of the globulins. The a-globulin was 
precipitated by dialysis in particles so fine as to be hardly dis- 
tinguishable under a magnification of 500 diameters, while under 
the same power of the microscope the $-globulin presented the 
appearance of coarse, vitreous spheroids. 

The finished preparations are fine, dusty powders, the a- 
globulin a very pale gray, the 8-globulin cream-white in color. 
They absorbed 5 to 7 per cent of moisture when exposed to the 
air in thin lavers. After drying, both globulins were insoluble in 
neutral solvents, but were soluble in 0.1 N alkali. 

Qualitative Fxamination._-The ordinary protein reactions were 
given by both the globulins. The color reaction of tryptophane 
(Hopkins and Cole) was weak though undoubtedly positive with 
the a-globulin preparations; the 8-globulin gave a much deeper 
color in this test. Millon’s reagent vielded with both globulins 
a strongly positive test for tyrosine. Molisch’s test indicated but 
traces of carbohydrate in the s-globulin, and in the a-globulin 
none at all could be detected. 

Elementary Composition.--The hygroscopic property of dried 
protein preparations makes impracticable the accurate weighing 
of samples dried at 110°C. All the preparations were therefore 
brought to equilibrium with the moisture of the air before analysis 
Was attempted, the moisture content (loss at 110°C.) was deter- 
mined, and the analyses were calculated on the moisture- and 
ash-free basis. In order to avoid contamination with dust 
during exposure, and to bring about maximum absorption as 
rapidly as possible, the preparations were spread in thin layers 
in shallow dishes and placed in a large desiccator provided with 
tubulatures both in the side and cover. A bulb tube filled with 
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TABLE Il. 


| a-Globulin.* 
Preparation I. | Preparation IT. 
I II Average. | I | II | Average. 
per cent | percent | percent | percent | per cent per cent 


| 52.93 | 53.02} 52.98 | 53.49 | 53.59 53.54 
Hydrogen............| 6.80} 686| 683] 6.90| 6.86 6 88, 
15.53 15.50 15.52 | 15.78 | 15.64 15.7 

| 23.20} 23.08 | 23.13 | 22.39 | 22.47} 22.43 


Preparation IIT. Preparation LV. 


Carbon..............| 53.99} 53.91 | 53.95 | 54.02] 54.08; 54.05 
15.53 15.60; 15.75) 15.79 | 


22 .06 22 .24 22.15 21.73 | 21.61 | 21.6 
* Analysis calculated on the ash- and moisture-free basis. 
4 + By difference. 
TABLE IV. 
B-Globulin.* 
| Preparation I. Preparation II. 
I | Il Average. I II Average. 
: per cent per cent per cent per cent per cen? per cent 


16 73 16 75 16 74 | 16 58 | 16.52 16 55 
0.41; O38 | 040; 41 


293.08 | 23.14] 23.11} 23.26! 23.38 23.32 


Ash | 0.59 0 71 


Preparation IIL. Preparation IV. 


| §2.90 | 52.85 52.88 |} 52.86 | 52.94 52.90 
6.79 6.99 689 6S) ST 6 S6 
1677 1688) 1683 1676 1654) 16.50 
038 | 038 0.43 | 0 43 
Oxygent.............| 23.16] 22.90; 23.03 | 23.10; 22.92); 23.01 
* Analysis calculated on the moisture- and ash-free basis. 
+ By difference. 
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absorbent cotton was attached to the upper tubulature to filter 
the dust from the entering air, and a slow current was drawn 
through the apparatus by connecting a weak suction to the side 
tubulature. Under these conditions the moisture content became 
very nearly constant in about 48 hours. The globulins were 
then analyzed with the results shown in Tables III and LV. 

The Basie Amino-Acids and Nitrogen Distribution..-Samples 
of approximately 38 gm. of the globulins were hydrolyzed by 
boiling 24 hours with 100 ee. of 20 per cent hydrochloric acid. 
The hydrolysates were analyzed by Van Slyke’s? method, using 
amyl aleohol and ethert in the decomposition of the phospho- 
tungstates of the basic amino-acids. The figures obtained by 
this method for cystine are without doubt low, since the condi- 
tions of the hydrolysis are such that a notable portion of this 
amino-acid must be destroyed. In the case of the 38-globulin, 
in which no evstine at all could be found in three analyses, another 
factor enters; namely, the solubility of cystine phosphotungstate. 
This was found by Van Slyke to be equivalent to 0.0026 gm. of 
cystine nitrogen, 0.0222 gm. of cystine, under the prescribed 
conditions of the analysis. It would be possible in this case, 
therefore, for about 0.78 per cent. of cystine to have escaped 
detection even if none was decomposed during the hydrolysis. 
The figures obtained are given in Tables V, VI, VII, and VITI. 

With the exception of the extremely small proportion of cystine, 
the nitrogen distribution of the $-globulin of the mung. bean is 
very similar to that of other bean globulins so far examined. 
The a-globulin shows some differences, however. The arginine 
nitrogen is decidedly low, while the lysine nitrogen is not so high 
as in most of the bean globulins analvzed. 


‘Van Slvke, D. D., Brol. Chem., 1915, xxii, 281. 
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TABLE V. 

Distribution of Nitrogen in the a-Glohulin Determined by Van Slyke's 
Method.* 

Sample I, moisture- and ash-free, 2.7769 gm. protein, 0.4351 gm, 


nitrogen.t 
Sample IT, moisture- and ash-free, 2.7758 gm. protein, 0.4349 gm, 


nitrogen.T 
Aver 
age 
qm gm per cent per cent per cent 


0.04050 0414 931 9:52, 9 42 
10.0112}0.0121| 2.57} 2.54 2.56 
0 0000.0 0000 0 00° 0.00 0 00 


Amide N 
Humin N adsorbed by lime 
Nin amvl aleohol extract 


Cystine N. 0 .00470.0050 108 115 1 12 
Arginine N....:...... ‘0 04600 0457 10.57 10 51 10 54 
Histidine 0.02460.0252, 565 579 5 
Lysine N 0325, 7.45| 7.47; 7.46 
0.2647 0 2664 60 S84) 61 25 61 05 
0.0104 0 2.39% 180 2.10 


Amine N of filtrate 
*Non-amino N of filtrate 


Total nitrogen recovered 0 43450 4361 99 S86 100 03) OF 


* Nitrogen tigures corrected for the solubilities of the phosphotungstates 
of the basie amino-acids. 
* Nitrogen content of the protein 15.07 per cent. 


TABLE VI. 


Basic Amino-Acids in the a-Globulin. 


4 3 


Amino-acid I II Average. 
per cent per cent per cent 


(Cystine. 


1 49 
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TABLE VIII. 


Basic Amino-Acids in the B-Globulin. 


Amino-acid., | I I] lil Average. 

per cent per cent per cent per cent 
Cystine... O00 0.00 | 0 00 0.00 
Arginine ot 4.08 7 
Histidine 2 2 2.02 
OF S OH St 9 29 


The Albumin. 


This was obtained from two sources. (1) The meal was 
extracted with distilled water. This dissolved the albumin, 
together with a considerable quantity of globulin the solution of 
which was made possible by the soluble mineral salts present in the 
meal. The salts were removed and the globulin was precipitated 
by dialvzing for some days against running cold water, as was 
done in the preparation of the globulins; then the precipitate was 
removed by decantation and filtration and the dialysis was con- 
tinued 10 days more in repented changes of distilled water at a 
temperature of about 2°C. The very small further precipitate of 
globulin was separated as before. From the clear solution the 
albumin was coagulated by slightly acidifving with acetie acid 
and heating for 2 hours at 45°C. The coagulation range is 37- 
43.5°C. The ecoagulum was collected on a hardened filter, washed 
with warm distilled water, dehydrated, and dried exactly as were 
the globulins. The vield was about 0.05 per cent of the meal 
extracted. (2) Albumin was found in the precipitates of the 
e-globulin and of the middle fraction and was present in super- 
natant liquids remaining after these fractions had been separated 
out by dialysis. Such solutions were further dialyzed until no 
more globulin separated, and atter filtering the albumin was coagu- 
lated as above deseribed. The vield from this source was 0.02 
to 0.08 per cent of the original meal. 

Physical Properties. —The most important of these, namely 
solubility in water in the absence of soluble salts, and coagula- 
bilitv in the presence of a trace of acid at a very low temperature, 
have been noted in the preceding paragraphs; these character- 
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316 Mung Bean Proteins 
| istics serve to define the material as albumin. ‘The dried sub- 
= | stance is In all respeets similar to the globulin preparations. 
a klementary Composition. The analysis was carried out in 


exactly the same way as were those of the globulins. The result. 
is summarized in Table IX. 


TABLE IN. 

Alhumin.* 

Preparation I. 

I Il \verage 
po per cent per cent per cent 
sins. 6.95 | 6.95 
* Analysis calculated on the ash- and moisture-free basis. 

+ By difference. 


Qualitative Exramination.—The albumin shows all the usual 
protein reactions; Hopkins and Cole’s test for tryptophane gives 
an unusually strong color, while the tyrosine reaction of Millon 
is slow to develop and the color deepens only slightly during long 
standing. 


SUMMARY. 


The mung bean contains about 21.74 per cent of protein (N xX 
6.25). Iexperiments with aqueous sodium chloride in various 
concentrations indieated a 5 per cent solution as the most etfer- 
tive extractant; it dissolved 19.0 per cent of protein from the 
finely ground seed. 

The 5 per cent sodium chloride extract vielded two globulins, 


designated the a- and #-globulins, by fractional precipitation 
with ammonium sulfate and subsequent purification of the frac- 
tions as described in the foregoing pages. The vields were 0.35 
and 5.75 per cent, respectively, computed on the basis of the dry 
material extracted. Traces of albumin, also, were obtained from 
extracts from which all the globulin had been preeipitated by 
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prolonged and repeated dialysis. The albumin remained in solu- 
tion during the dialvsis and was separated by slightly acidifying 
and coagulating at 45°C. The vield of the albumin was from 
0.02 to 0.05 per cent of the weight of the bean meal. 

Analyses showed marked differences in the nitrogen -and still 
fur--content of the three proteins. The globulins were sul- 
further distinguished from each other by marked differences in 
their percentages of the basic amino-acids, determined by Van 
Slvke’s method. The 3-globulin contained so little cystine that 
that remaining undecomposed after hydrolysis escaped precipi- 
tation by phosphotungstic acid and could not be determined by 
Van Slvke’s method. 
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CHEMISTRY OF THE WHITEFISH SPERM. 


By VERNON LYNCIL.* 


(From the De partment of Biochemistry, University of Cincinnati, Cincinnaly, 


(Reeeived for publication, July 27, 1020.) 


Preparation, 


lor the following analyses about 2 kilos of the ripe testicles of the com- 
mon Whitefish (Coregonus albus) of the Great Lakes were emploved. This 
material, which had been packed in ice, was cleaned and passed through 
a meat grinder, and the resulting fluid mass was filtered through cheese- 
cloth. As shown by microscopic examination, the tails of the spermatozoa 
were no longer visible, their disappearance being probably the result of 
autolysis. After the addition of an equal volume of water to reduce the 
Viscosity, the sperm heads were thrown down as a solid white mass by 
rapid centrifuging. The supernatant liquid was then drawn off, and the 
heads were suspended in water and again centrifuged rapidly. After four 
such washings, the heads are pure white and do not stick together. 


This material was added to three volumes of 95 per cent aleo- 
hol, after a small portion had been reserved for the determination 
of the water content. The mass of sperm heads was extracted 


* The work of which the results are embodied in the following pages 
was carried out in my laboratory in the University of Chieago and under 
my direction two or three vears ago. The manuscript was unfortunately 
mislaid and was not found until after my diseharge fromthe Army. There 
has consequently been a delay of three years in the publication of the 
paper. Inthe meantime the death of the author by accident has lost to 
American science one of its most talented voung men. Dr. Lyneh’s mind 
was unusually keen and active, and he possessed a winning personality, 
marked originality, courage, and vitality. The manuscript is published 
in the form in which he left it, with a few minor changes and corrections. 

The chemistry of the sperm head is from every point of view interesting 
and important. Practically only three nuclei have been quantitatively 
analyzed; namely, the sperm head of salmon, that of the herring, and the 
nuclei of the corpuscles of the blood of geese. It was to secure additional 
information along these lines that Dr. Lyneh undertook the analysis of the 
sperm head of the whitefish, Coregonus albus. The material was kindly 
furnished by the Booth Fisheries Company.—Albert P. Mathews. 
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four times with boiling, redistilled aleohol, and twice with redis- 
tilled ether. ‘These extracts were united and evaporated to dry- 
ness, but the amount of lipin material obtained was negligible 
and was not analyzed. In the sperm, at least, the lipins are 
almost entirely in the eytoplasm, and no nucleus has vet been 
shown to contain much fatty material. 

It is this composition of the nucleus which in part accounts 
for the fact that the microscopic appearance of the nuclei remains 
unchanged through the course of this preparation, but the possi- 
bility of the loss of material from the nuclei is by no means 
excluded. 

The vield of dried heads was about 100 gm. 


Physical Properties. 


‘The heads of these spermatozoa are very heavy and are readily 
thrown down by centrifuging. This high specific gravity is due 
to the large content of nucleic acid, which contains much phos- 
phorus, and to the unusually small amount of water which they 
hold. The water content of some centrifuged heads, from which 
as much as possible of the adhering water had been removed with 
filter paper, was found to be 48.7 per cent. As would be expected 
from such concentrated nuclei, a high index of refraction is 
observed. 

The heads appear to be little affected by a great many strong 
chemical reagents. ‘They are insoluble in water, ammonia, and 
solutions of ordinary salts, and are only partially attacked by 
dilute sulfuric, nitric, hvdrochloric, and acetie acids. Dilute 
sodium and potassium hydroxide dissolve them slowly. Of 
special interest is the ease with which they are attacked by 
dilute phosphoric acid and acid phosphate solutions. With 
these comparatively weak reagents, they swell up, become sticky, 
sgelutinate, and may dissolve. ‘Thus their solution is effected 
not so readily by a strong reagent as by an adequate one. The 
ease with which they swell after entering the egg cytoplasm is 
well known. In general it was noted that substances which had 
a solvent action upon these dead sperm heads would also agglu- 
tinate a suspension of them. 
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The neutral salt of protamine and nueleie acid exhibits similar 
properties, but Steudel' found evidence of a smaller molecular 
aggregation mm the salt of clupeine and nueleic acid than that 
present in the sperm head. He found that a solution of the 
artificial salt of protamine nucleate had a lower viscosity than 
the same concentration of the dissolved sperm heads and he 
suggested to account for this that the nueleie acid in the sperm 
head was polymerized. Some support for this view is given later 
in the paper where it is shown that 1 molecule of protamine in 
the sperm head has united with it 4 molecules of nucleie seid. 


Analysis. 


The following determinations of carbon and hydrogen in 
the aleohol-ether-extraeted sperm heads were made by Liehbig 


combustions. 
Sample. Cc 
gm. (jr gm. | per 
S478 Q 0.1467 42.16 
2456 QO S778 0.1030 41.97 
“ample iH 
ym ym. gm. per cent 
S478 0.0201 5.79 
1309 0.0145 5.91 
5642 () 0 0316 5.60 
D.46 


Average...... 


eee 


The nitrogen determinations were made by the Gunning- 
Arnold Kjeldahl method. 


tSteudel. 


H.. Z. phusiol. Chem., 1913, Ixxxiii, 72. 
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322 Chemistry of Whitefish Sperm 
Sample. N 
gm. gm. cent 
O 4945 | 21.52 
3679 O7S4 21.51 


The phosphorus determinations were made by wet ashing as 


in the Neumann method and weighed as magnesium pyro- 
phosphate. 


Sample. ot): |’ 

qm. qm. qm. per cent 
0 4105 0.0027 O25 
QO. 1230 O 6.20 


The results are given in Table I, and beneath are given certain 
data from analyses of other nuclei for comparison. 

The values for carbon and hvdrogen are lower than those 
found in an ordinary protein. “This is due principally to the 
large proportion of nucleic acid in which the values are even 
lower. The high content of nitrogen is due to the presence of a 
basic protein, protamine. Where the protein is a less baste 
histone, the values for nitrogen are lower, as in nucleohistone 
for example. The high content of phosphorus shows the pres- 
ence of a large amount of nucleire acid, 70 per cent or more, 
for, as will be seen below, practically all the phosphorus is in 
this combination. In nuclei where the protein is less basic, 
the proportion of nucleic or phosphoric acid to protein is less, 
The ratio of phosphorus to nitrogen, being about the same in 
the sperm and in a neutral salt of nuclete acid and protamine, is 
evidence that the sperm is, in great part, a neutral protamine 
nucleate. 

The nucleic acid nitrogen is ecaleulated from the phos- 
phorus content, employing the percentage formula of Steudel, 
It will be observed that the nueleie acid 
nitrogen makes about half the total nitrogen. The other half 
is almost entirely protamine nitrogen. 
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The ash determination is of little significance. It consists very 
largely of phosphoric acid, and comparison with the phosphorus 
percentage shows that some of the phosphoric acid has been lost, 
presumably by reduction of the phosphorus. It was not possible 
to free the ash of carbon entirely. The only base determined in 
the ash was calcium. 

TABLE 1. 


Analyses of Nuclet. 


Nu- Nue 
clei rota 
N P acid | Ca Fe! seid 
nitro callous 
ger gen. lated 
per per per per per per er rer per per 
cent cent cent cent cent cent cent cent f 
Whitefish, $2.165.79 21.526.2S §.1N 007 
Sperm heads, 41.97 5.91 21.31 6.29 5.4 
41.945. 60 
Average..... . -42.02)5. .42,6. 295 10 65 10.77 5.790.007 (0.25 
ep 
Herring* sperm. 411.205.7521 066.0% 470 2S 11.68 0) 
| 
Clupeinet 
nucleate. 3.211 
17.20 6.65) 9.55 
corpuscles. 4.376 | 
l 


Nucleohistone. 43.69 5.60 8 85 8.02 
3.226 


* Mathews, A., Z. physiol. Chem., 1897, xxiii, 399. 

t Steudel.! 

t From blood corpuscles of birds, Ackermann, D., Z. physiol. Chem., 
1904-05, xliii, 299. 


The absence of iron is of special interest. No iron could be 


detected with potassium thiocyanate in the ash obtained either . 


by the Neumann method or in the electric muffle. No organic 
compounds of iron were present in this extracted nucleus. More- 
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over, the common text-book statement that nucleoprotein always 
contains iron is erroneous. It may be doubted if pure nueleo- 
protein ever contains iron. ‘The sperm heads contained no 
potassium and only 0.097 per cent of calcium. ‘The presence of 
calcium in small amounts has been observed also in the other 
sperm heads examined, so that it seems to be generally present. 
This amount, however, would correspond to less than | atom of 
Ca to 5 molecules of protamine nucleate. 

The atgempt was now made to isolate the nucleic acid and 
protamine and to determine the actual amounts of these present 
in the sperm heads. 

In the computations which follow the formula for nucleic acid 
of Steudel, namely CyHs7NysPsOx0, has been the one used, and 
for protamine, namely the coregonine, the formula CyHygyNsiOee. 
Kossel and Dakin? suggested for salmine the formula Cy 
Tavlor*® suggested for salmine, CogHiyNs,Ov. The formula which 
has been adopted above is on the hypothesis that 1 molecule of 
coregonine yields 12 molecules of arginine, 3 serine, | valine, and 
2 proline groups, and that 1 molecule of water is eliminated 
between each two amino-acids. Then the formula should not 
be that of Taylor but the one given. This would be formed by 
the following reactions: 

12 arginine (C.H,,N,O,) + 3 serine (C3;H;NO;) + valine 
2 proline (C;H = 1 salmine + 17 


This would contain 30.90 per cent N; and, if each of the argimine 
groups combined with 1 molecule of sulfuric acid, the sulfate 
CopHisgN . 12 HeSO, should contain 20.88 per cent N. IT 
actually found 21.06 per cent. This formula requires for arginine 
nitrogen 88.9 per cent and for monoamino nitrogen 11.1 per cent; 
whereas Kossel found in this protamine 87.3 and 9.4 per cent 
respectively. Coregonine is evidently very closely allied to, if 
not identical with, salmine. From the Chinook salmon, he ob- 
tained 86.2 and 9.4 per cent respectively, and in the Rhine sal- 
mon 87.8 arginine N and 9.2 per cent of monoamino-acid N. 
From salveline, the protamine of the closely allied form of lake 
trout, he got from the alpha-salveline, 88.9 per cent basic N, 
7.1 per cent monoamino-acid N. 


2 Kossel, A., and Dakin, H. D., Z. physiol. Chem., 1994, xli, Al4. 
*'Taylor, A. E., J. Biol. Chem., 1908-09, v, 394. 
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Furthermore since the sulfate of coregonine shows | molecule 
of sulfuric acid combined with each arginine group, making two 
acid equivalents to each such group, or 24 acid equivalents in all, 
the formula adopted for the coregonine nucleate of the sperm 
(CyHsiNysPsOo4)4. 100 gm. of sperm heads should vield saeecord- 
ing to this formula 32.33 gm. of protamine and 73.28 em. of nu- 
cleic acid, 

An attempt was made to separate the protamine and nucleie 
acid and determine them. 


Nuclete Acid. 


The usual method of isolating the nucleic acid from a tissue is 
by treatment with sodium hydroxide, precipitating the sodium 
nue'eate with alcohol, and reprecipitating it in acid alcohol 
as the free acid.. In the hands of Steudel* this method has 
yielded as much as 91 per cent of the theoretical amount of 
nucleic acid calculated from the phosphorus content of the her- 
ring sperm. Of the total phosphorus content as much as 95 per 
cent was actually isolated in the form of nucleic acid, and there is 
reason to believe that the rest was in this same combination. 

Professor Mathews suggested that the nucleie acid might be 
completely removed from a solution of the sperm heads by pre- 
cipitation with lead. Since the heads are dissolved in sodium 
hydroxide, a freshly prepared solution of basic lead acetate 
(specific gravity 1.25) was employed, Protamine is not pre- 
cipitated by basic lead acetate. 

In order to test the completeness of the separation, a solution 
of sodium nucleate was precipitated with basic lead acetate, and 
it was shown by examination of the filtrate that all the phos- 
phorus had been removed. The lead salt was converted into the 
sodium salt with a final loss of less than 2 per cent. 

A sample of the sperm heads weighing 23.33 gm. was shaken 
for several hours with 1,400 ec. of 1.5 per cent NaOH, and a few 
resistant particles were dissolved separately with a stronger 
solution. The nucleic acid was precipitated with an excess of 
the freshly prepared basie lead acetate, and the precipitate, con- 


*Steudel, H., Z. physiol. 1911, xxiii, 471. 
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taining lead nucleate and impurities, was washed until prae- 
tieally free from protamine, as shown by the biuret reaction, and 
then dried and weighed. 

23.33 gm. of sperm heads vielded 59.885 gm. of lead precipi- 
tate. (There was a small loss of material in the foregoing anal- 
vsis so that this figure is not so accurate as it should have been.) 
This precipitate was found to contain 4.56 per cent of N and 
2.46 per cent of P. These low figures show that the precipitate 
eontained a large amount of lead oxide and must have been the 
basic salt. The precipitate gave a very faint biuret reaction, 
showing that it was not entirely free from protamine. The 
ratio of P:N in the foregoing is 1:1.87, whereas nucleie acid 
requires 1: 1.66. This slight excess of N is due probably to the 
protamine impurity, 

li all the P in the precipitate is nucleic acid, we caleulate that 
the 59.885 gm. of precipitate must contain 16.39 e¢m. of nucleic 
acid, and as this amount was obtained from 23.33 gm. of sperm 
100 gm. of sperm would vield 70.25 gm. of nucleic acid, in place 
of the 73.28 gm. required. If the nucleie acid is calculated from 
the nitrogen content, since nucleic acid contains 15.14 per cent of 
N, this would be 17.65 gm. of nucleic acid from 23.33 em. of 
sperm or 73.92 g@m. of nucleic acid from 100 gm. of sperm, in 
place of the 73.28 gm. required. The agreement is therefore 
very good; a mean of 72.08 gm. being obtained in place of 73.28 
gm. caleulated. 

That the precipitate is nucleic acid is shown also by the close 
agreement of the ratio of P: N in the precipitate after an attempt 
to convert it to the sodium salt. 3.2096 gm. were dissolved in 
sodium hydroxide, partially freed from lead by passing in H.S 
for 15 minutes, neutralized with acetic acid, concentrated, and 
precipitated with aleohol. The precipitate weighed dry 1.1483 
gm. Analysis showed that it was chiefly the neutral lead salt 
containing 8.69 per cent of N and 5.23 per cent of P. The ratio 
of P: N is, however, 1:1.66, whereas nucleic acid requires 1:1.69, 


Protamine. 


Some insight into the nature of the protein constituent of this 
nucleus may be had from the results of the protein reactions 
upon the extracted sperm heads: 


. 
& 
3 
r 
| 
| 
| 
| 
| 
4 
= 
Pigs 
By 
+ 


V. Lyneh 327 


1. Biurei. On solution in NaOH. Positive. 

2. Millon. Heated. Also let stand 20 davs. Negative. 

3. Nanthoproteic reaction. Positive. 

4. Reduced sulfur. Negative. 

5. Tryptophane reactions. Adamkiewicz, elvoxvlic acid, and 
Liebermann. Negative. 

6. Ehrlich’s diazobenzenesulfurie acid, on solid. Positive. 

The absence of tyrosine, eystine, and tryptophane is in 
accord with the view that the only protein present is a protamine. 
The positive xanthoproteic reaction is attributed to the nucleic 
acid. 

A quantitative estimation of the protamine was made in two 
wavs: (1) by determining the nitrogen in the filtrate left after 
precipitation of the nucleic acid with lead; (2) by extracting 
the protamine from a sample of sperm with dilute sulfurie acid. 

The filtrate left after precipitation of the nucleie acid with basic 
lead acetate appears to contain no other protein than protamine. 
It gives the characteristic strong biuret reaction and gives a 
precipitate with nucleic acid and alkaloidal reagents, but other 
protein reactions are negative and phosphorus is absent. A 
rough estimation of the protamine may therefore be made by 
determining the nitrogen in this solution, assuming that core- 
gonine, like salmine, contains 30.93 per cent of nitrogen. 


gm 


100 gm. of sperm heads would therefore have vielded 31.36 
gm. of protamine. This is nearly that calculated from the above 
formula of 32.33 gem. In view of the fact that a small amount 
of protamine was still in the lead nucleinate precipitate, this 
must be considered as a fair agreement. 

A more accurate determination of the protamine is probably 
presented by the sulfuric acid extraction. 9.2805 gm. of dried 
extracted sperm heads were extracted in a mortar with three 
successive portions of 10 per cent H.oSO,; and the protamine 
sulfate was precipitated in five volumes of 95 per cent alcohol, 
allowing the precipitate to stand in the alcohol over night. The 
white precipitate was washed in 95 per cent alcohol and absolute 
alcohol and dried in a vacuum desiccator. The yield of prota- 
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mine sulfate from one-half the sulfuric acid extraction fluid was 
2.085l gm., which on resolution in water and reprecipitation 
yielded 1.9820 gm. A nitrogen determination on this precipitate 
showed 21.06 per cent of N. 0.5351 gm. of protamine sulfate gave 
0.1127 gm. N = 21.06 per cent. Required for Co gH 
121.80, is 20.88 per cent. 

Thus 9.2805 gm. of sperm heads vielded 38.9640 gm. of prota- 
mine sulfate after repreeipitation, or 4.17 gm., as first’ precipi- 
tated. The latter figure would give 2.816 gm. of protamine. 
100 gm. of sperm would at this rate have vielded 30.33 gm. of 
protamine, whereas the formula requires 32.33 gm. 

Summarized we have then the following as the composition of 
the sperm chromatin. 


Nu- 
Cc H N P | cleie 
mihe. 
acid. 
per | per per per | per per | per 
vent cent cent cent cent cent | cent 
Required for 22 | | 
. 54 4.8224.97 21.11! 6.56: 73.28:32.33 


The agreement between these figures is so good as to leave 
little doubt that the head of the sperm of the whitefish is essen- 
tially a chemical compound consisting of the union of nucleic 
acid and protamine in the proportion of 4 molecules to 1. The 
union is probably not of the nature of an ammonium salt, but 
formed with the elimination of water as in an acid amide. 


CONCLUSIONS. 


1. The dried extracted sperm heads of whitefish consist of 
about 70 per cent nucleic acid and 30 per cent protamine, core- 
vonine. 

2. All the phosphorus, 6 per cent, is combined as nucleic acid. 

3. This extracted nucleus does not contain iron. 

4. The protamine is in loose combination with nucleic acid, 
and the nucleus is of the ‘dissociated’ (INossel) type. The 
union is probably of the amide, rather than the ammonia, type. 

5. The analyses agree with the formula 
NiPyOe 9s, and this is the probable formula of this chromatin. 
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THE ALKALI RESERVE OF MARINE FISH AND 
INVERTEBRATES. 


THE EXCRETION OF CARBON DIOXIDE. 


By J. B. COLLIP. 


(From the Marine Biological Station, Departure Bay, Canada. 


(Received for publication, September 3, 1920.) 


INTRODUCTION, 


The results of an investigation to determine the carbon dioxide 
content of the blood and body fluids of such marine forms as 
were available for study at or in the vicinity of the Marine Biolog- 
ical Station, Departure Bay, Vancouver Island, British Columbia, 
are herein reported. As the Van Slyke-Cullen (1) apparatus 
furnishes a convenient and ready means of determining the car- 
bon dioxide content and capacity of blood and thereby the alkali 
reserve of the same, it was used exclusively in this investigation. 


Methods. 


The representative forms studied were, for the most part, col- 
lected personally. Creat care was taken to insure that the indi- 
vidual specimens, the blood or celomie thuid of which was to be 
examined, should be bled while in a fresh condition. As will 
appear more fully in a subsequent communication this is a very 
essential point especially as regards various molluscan types. 
An endeavor was made to secure specimens representative of as 
many of the invertebrate phyla and orders of the Pisces as was 
possible. 

‘The methods employed in obtaining blood or celomic  fiuid 
from the forms studied will now be detailed. 
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Celenterata, 


‘Two types of Medusze and the sand anemone were examined. 
The results recorded for these specimens can only be taken as 


u approxunate since the methods here adopted were of a special 
character. 

. Meduse.- Several specimens were caught in a dip net, trans- 
i ferred to a glass container filled with fresh sea water, and carried 


at once to the laboratory. They were first drained free of sea 
water by suspending over a wide funnel by means of a double 
fold of cheese-cloth. They were then gently macerated and 
passed through the cheese-cloth. ‘The jelly-like mass was _ col- 
lected in a clean, dry test-tube. ‘This was shaken vigorously for 
3 minutes, air being admitted on several occasions. 1 ec. of the 
fluid was then transferred to the Van Slvke-Cullen apparatus and 
the analysis made in the usual manner. The evolved carbon 
. dioxide was absorbed by the use of 10 per cent sodium hydroxide. 
The volume of gas was reduced to cubie centimeters of carbon 
= dioxide at O°C. and 760 mm. pressure held by 100 cc. of fluid. 
a i Owing to the difficulties in the wavy of collecting blood or 
- celomic fluid from marine forms without loss of carbon dioxide it 
| was thought best to examine all specimens under uniform con- 
: ditions. The various samples were therefore shaken for 3 min- 
4 utes in the test-tube or 25 ec. Luer svringe with atmospheric 
cuir which was renewed on several occasions. The samples thus 
= equilibrated with atmospherie air were submitted at once to 
ie analysis. In many instances concurrent samples were also 
equilibrated with alveolar air of the normal human subject after 
the manner suggested by Van Slyke and Cullen (2). Such 
specimens were then transferred by means of an Ostwald pipette 
i to the apparatus for analysis without appreciable loss of carbon 
A dioxide. 
i Sea Anemones.--The specimen was dug from a sand flat at 
low water and carried to the laboratory in a container filled with 


: fresh sea water. ‘The animal was then allowed to contract in a 
oe dry open vessel. A slit was next made in the side by means of a 


sharp scalpel and the cavity drained free of the fluid. The soft 
parts were macerated in a mortar and finally suspended in an 
equal volume of fresh distilled water. 2 ce. of the suspension 
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were analyzed and the results interpreted as being approximately 
indicative of the carbon dioxide content of the tissues of the 
animal. 


Brachiopoda, 


The specimens were collected at low water from the rocks 
closely adjacent to the laboratory and examined tmmediately. 
It was found that from 1 to 2 ce. of fluid could be obtained from 
these small forms by aspirating into a Luer svringe from the celomic 
cavity through a needle passed through the soft tissue exposed at 
the hinge. 


Echinodermata. 


Starfish. These were collected. near the laboratory at low 
water and examined immediately. The celomic fluid was aspi- 
rated from the celomie pouch of one of the arms. This was 
entered dorsally and laterally. 

Sea Urchins.--The celomic fluid was aspirated from a celomic 
pouch in much the same manner as in the case of the starfish. 


Arthropoda, 


(rustacea. Several species of Crustacea were studied. Blood 
was obtained from the individual specimens by introducing a 
hypodermic needle into the pericardium and aspirating into a 
Luer svringe. In the case of the larger forms such as Keshid- 
nocerus formatus and Cancer magister a small hole was first 
trephined through the carapace just dorsal to the pericardium. 
The needle was then introduced through this opening. It was 
found that the needle could be passed directly through the 
earapace of small erabs and shrimps. Blood was obtained from 
the pericardial sinus of the eagle barnacle (Balanus aquilla) after 
«a small hole had been drilled through the caleareous shell just 
dorsal to the sinus. 


Mollusca. 
Pelecypoda._-Many forms representative of different species 


of the peleeypod Mollusea were examined. The celomic fluid or 
“elam juice” was obtained in all instances by aspirating from the 
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pericardial cavity. The needle was introduced into the sinus 
through the soft tissue in the mid-line dorsal to the latter. 

Gastropoda, Four different Species were obtained for study. 
Celomic thud was obtained from the pericardial sinus of the two 
shell forms Polynices (Lunatia) and Thais lamellosa, 
aiter a small opening had been drilled in the shell adjacent to the 
sinus. The fluid exuded from the foot of Polyniees lewisii was 
also analwzed. A direct puncture in the dorsal region allowed the 
aspiration of body fluid from the nudibranch An/sodor/s. 

Amphineura.-The large form Cruptochiton was the only 
representative of this class examined. Fluid was obtained from 
the pericardial cavity by aspirating through «a needle introduced 
Into the latter between two adjacent valves. 


Cyclostomata, 


The lamprey Entosphenus tridentatus was obtained while 
ascending a creek to spawn. Blood was obtained by severing 
the dorsal aorta posterior to the Iast gill slit. The blood was 
oxalated as collected. 


Pisces. 


Blood was collected from various specimens by severing the 
enaudal vessels. It was oxalated as obtained and examined at 
once, 


Reptilia. 


Two garter snakes were caught while feeding at the water’s 
edge. They were bled from the caudal artery. The analysis of 
this blood was made for comparative purposes only. 


RESULTS AND DISCUSSION, 


The results of the analyses of the various samples are shown 
in Table I. 

As might be anticipated the earbon dioxide content of the 
blood or celomie fluid of marine forms is relatively very low as 
compared with the blood of mammals. ‘The earbon dioxide con- 
tent of sea water in the region from which the specimens were 
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secured is of a widely varying quantitv. The influx of « large 
volume of fresh water emanating from the water-sheds of the 
coast ranges, the varving effeets of tides, winds, and currrents all 
contribute towards a constantly changing density of the sea water 
in this viemitv. In Table If is shown the density corrected to 
15°C’. of sen water collected daily from the surtace off the landing 
stage of the Marine Station, Departure Bay, for a consecutive 
period of 33 days, also the density of depth samples taken as 
indicated by means of the Nansen water bottle. There are also 
shown the temperature and the alkalinity of the various samples 
in terms of cubie centimeters of O.OL N sodium hydroxide required 
just to discharge the pink color imparted to LOO ce. of sea water 
by phenolphthalein and the buffer value of Sorensen (3) or the 
reactivity of Moore and Wilson (4). This latter factor is the 
amount of O.OL NS acid required to carry LOO ce. of sea water from 
the phenolphthalein to the methyl orange point. Moore, Pri- 
deaux, and Herdman (5) found that the reactivity of sea water 
taken at Port I:rin did not show seasonal variation. It is evi- 
dent, however, as the titration figures indicate that the buffer 
value of sea water in the vicinity of Departure Bay varies directly 
as the density. Moore and coworkers (5) state that this buffer 
effect is due in the main to dissolved magnesium bicarbonate and 
not ealcium biearbonate as usually stated. The slight variation 
of the alkalinity of the water from day to day is of interest. It 
is probably associated, as Moore, Prideaux, and Herdman (5) 
have pointed out, with the varving intensity of photosynthesis 
by microscopic organisms. Surface and depth tows made daily 
during the summer months by Mounce! showed great) varia- 
tion in the relative amounts, and in the distribution of diatoms. 
The falling off of the degree of alkalinity of sea water with increas- 
ing depth is suggestive in this connection. Sorensen (3) found 
that deep sea water was less alkaline than that at the surface. 
The total carbon dioxide content of surface samples of sea water 
obtained in Departure Bay during the summer of 1920) was 
found to vary between 2 and 4 volumes per cent, the amount 
varving directly with the specific gravity. It is therefore of 
interest to find that the amount of carbon dioxide in the blood or 


‘Unpublished results quoted by courtesy of Miss [rene Mounee. 
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TABLE IL. 


Source of sample. 


Chit landing stage at station. 


Surface 


At 


sample 
Fingers. 
5 fathoms 


kingers. 


At 10 


fathoms 


Fingers. 


At 


fathoms 
Fingers. 


off 


off 


off 


Teniper- 


nture 


Density 
at 


Olio 
O140 
O159 


Ol 
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Reactiv- 


ity. 


HeSO4 
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17.6 | 1 | 16 5 
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20.5 | L.2 
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14.7 | 1 
97 1 12.5 
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7.3 | 1 16 5 
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2 17.4 | 1 13.0 
2 16.1 | 1 | 44 
170 | 1, 15 | 14.7 
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TABLE 1—Concluded. 


Source of sample. Temper Density ~Alkalin- Reactiv 


ature. at 15°C. ity. | ity. 
July 5 At 5O fathoms off Five 7.92. 1.0267 | 01 21.0 
Fingers. | 
= 5 At 100 fathoms off Five SOL 1.0267 —0.1 21.0 
Fingers. | | 
“ At 1 fathom off Departure 143 10214!) 20 
Bay. 
“72 At 2 fathoms off Departure 1 O217 15 IS. 6 
Bay. | 
12 At 3 fathoms off Departure 1 o220 1 4 
Bay. 
12) At 5 fathoms off Departure 1.0222 | 1.0 IS 6 
Bay. 
“ 42 At 10 fathoms off Departure 1 02383 —0.3 21S 
| Bay. | 
“12. At 20 fathoms off Departure 10255 —14 24.0 


Bay. 


celomic fluid of the various marine forms investigated is invari- 
ably greater than the maximum value for total carbon dioxide in 
sen water. The amount of combined carbon dioxide in the body 
tissues of Medusize and sea anemones, the celomic fluid of brach- 
iopods, starfish, certain sea urchins, and a number of mollusks 
and the blood of the dogfish and the ratfish is relatively low, but 
in all instances is higher than that in sea water. Certain types 
of Crustacea have a relatively high carbon dioxide content, such 
forms as Cancer magister, Cancer productus, Echidnocerus formatus, 
and Hemigrapsus nudus being included in this group. The kelp 
crab Epialtus productus, the sand shrimp pogebia pugettens:s, 
and the eagle barnacle Balanus oquilla are on the contrary com- 
paratively low in the fixed carbon dioxide in the celomic fluid 
but they are in this respect somewhat analogous with the teleosts 
examined, 

A somewhat similar phenomenon exists in the case of the 
Mollusea. While the majority of the forms studied have a 
earbon dioxide factor falling within the range between 6.3 and 
11 volumes per cent certain species such as Paphia staminea, 
and Penitella penita of the peleevpod type and Polynices lewisii 
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and Thais lamellosa of the gastropod class have a fixed carbon 
dioxide content which in nearly all instances is considerably 
higher than that observed in the former group. 

As pointed out earlier in the paper it is essential that the blood 
be obtained while the animal is perfectly fresh. For instance it 
was noted that specimens of Wya arenaria bled immediately 
after they had been dug gave a fixed carbon dioxide factor of 6.5 
volumes per cent while other specimens carried to the laboratory 
in fresh sea water gave a factor of 8.3 volumes per cent for com- 
bined carbon dioxide. ‘The fixed carbon dioxide of the mollusk 
tends to rise rapidly when the animal is not kept in a large vol- 
ume of fresh water while the opposite effect was noted in the case 
of the fish examined. Exposure to air causes the carbon dioxide 
content to fall while in the dead fish the latter may be near to 
that of sea water. If a fish is allowed to remain hooked but left 
in the open water for some little time the carbon dioxide content 
of the blood falls. The fish are in their reaction to injury much 
like the mammals as far as the alkali reserve of the blood is 
concerned, 

The relatively low figure for carbon dioxide in the blood of the 
elasmobranch Squalus sucklii and the holocephalan Hydrolagus 
collie? stands in sharp contrast with that for the teleostian types 
studied, 

As the hydrogen ion concentration of sea water is In most 
instances lower than that obtaining in the blood of marine forms 
and as the bicarbonate content of the latter is much higher than 
that of the former it is evident that the amount of the dissolved 
‘arbon dioxide in the blood or body fluids of marine forms must 
be considerably greater than that occurring in sea water. The 
tension of carbon dioxide in the blood of marine forms must 
also be proportionately higher than that in sea water. This 
brings up an interesting point. Does a process of simple diffusion 
furnish an adequate explanation of the mode of elimination of 
carbon dioxide from the blood or body fluids of marine forms 
to the surrounding sea water? The maintenance of a definite 
acid-base balance in the blood and tissues of marine forms is no 
doubt quite as prime an essential as in the case of higher forms. 
In the mammal this is largely effected by the concerted action of 
the respiratory and renal apparatus. The gaseous exchange 
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between the blood and the atmosphere takes place almost entirely 
in the alveolar sacks where the tensions of the gases concerned 
are such that a process of physical diffusions seems to furnish a 
sufficient explanation for the passage of the oxygen inward and 
of the carbon dioxide outward (6). In the ease of the fish con- 
ditions are somewhat different. While the respiratory and renal 


' apparatus here as in mammals is apparently closely associated 
a with the regulation of the reaction of the blood yet the inter- 


a change of gases between the blood and sea water taking place as 
a it does largely through the medium of the gill filaments is on a 
¥ somewhat different basis from the exchange in the mammal at 

Ty the lung surface. The tension of dissolved gases in sea water to 

ih which the gill filaments are exposed cannot differ greatly from 
§ 


the tensions obtaining in the enveloping medium, unless it is 
possible that the respiratory movements sre so adjusted that the 
tension cf gases in the water of the gill cavities is kept im equi- 
librium with the tension of gases in the blood. in which case a 
process of physical diffusion would be a sufthecient explanation of 
the mode of gaseous exchange in the fish. That this latter condi- 
tion should hold seems plausible. It may also be possible that the 
permeability of the gill membranes to carbon dioxide is such as to 
| allow a steep pressure gradient to exist between the dissolved 
carbon dioxide in the blood on the one side, and in the sea water 
on the other. Further experiment only can furnish a full expla- 
nation of this phenomenon. 


In the case of arthropod types, such as Cancer magister, Kehid- 
‘ = nocerus formatus, and others, the combined carbon dioxide is ats 
ee much higher concentration than it is in any of the Pisces exam- 
SS ined. A relatively greater difference must therefore exist be- 
ay tween the tension of carbon dioxide in the blood of these forms 
. and sea water than in the ease of the Teleoste:. [If one is to | 
a explain the mode of earbon dioxide excretion in these forms by a 
a process of physical diffusion one must assume that the perme- 
a ability of the gill filaments to carbon dioxide is of a very low order 
en allowing a very steep pressure gradient to be maintained between 


the two sides of the medium for gaseous exchange. Certain of 
the Mollusea have a relatively high concentration of bicarbonate 


is in the body fluids but it may possibly be due to the anatomical 
a features oceurring here for the carbon dioxide in the sea water 
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which is bathing the organisms to exist at a higher tension than 
in the open sea, 

Such a difference does not exist between the bicarbonate con- 
tent of the body fluids and tissues of Echinodermata, Brachi- 
poda, and Coelenterata, and that of sea water as has been noted 
in the forms above mentioned. ‘The existence, however, of a 
definite pressure gradient for carbon dioxide between the tissue 
and the sea water suggests that a definite mechanism exists for 
regulating the tension of this gas in the body fluids and tissues. 


SUMMARY. 


1. The carbon dioxide content of the blood and the celomie 
fluids of various marine forms has been determined. 

2. ‘The earbon dioxide content of the blood and celomiuc fluid 
of marine forms examined equilibrated with atmospheric air is in 
all instances higher than the earbon dioxide content of sea water. 

3. The carbon dioxide content of certain of the Arthropoda 
and Mollusea is relatively very high. 

4. The carbon dioxide content of the blood of marine Teleoste: 
is approximately LO volumes per cent. 

5. The earbon dioxide content of the elasmobranch Squalus 
sucklii and the holocephalan //ydrolagus collie: is relatively very 
low. 

6. The alkalinity and the reactivity of several samples of sea 
water have been determined. 

7. Surface samples of sea water in the vicinity of Departure 
Bay are invariably alkaline to phenolphthalein. 

8. It is held that in order to maintain the constant reaction of 
the blood or body fluids of marine forms the carbon dioxide 
tension must be considerably higher in the blood and body fluids 
than it is in sea water. 

9. The question of carbon dioxide excretion is discussed. 


In conclusion I desire to express my thanks to the Curator of 
the Biological Station at Departure Bay, Dr. C. MacLean Fraser, 
for his kind assistance in making the collection of material pos- 
sible, and for aid in the identification of specimens. My thanks 
are also due to the Biological Board of Canada for defraying the 
expenses In connection with this investigation. 
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STUDIES ON BLOOD FAT. 


I. VARIATION OF THE BLOOD FAT CONSTITUENTS OF RABBITS 


UNDER NORMAL CONDITIONS. 
By YAJIRO HORIUCHI. 


(From the Biochemical Laboratory, Harvard Medical School, Boston.) 


(Received for publication, July 29, 1920.) 


INTRODUCTION, 


Since the racial and individual constancy of blood fat in the 
normal organism was established by Terroine' and confirmed by 
Bloor,’ the estimation of the fat constituents in blood has become 
important pathologically and physiologically. During the past 
few years, reports on diabetes mellitus, nephritis, chronic anemia, 
and other diseases have appeared and also a good deal of experi- 
mental work has been published, particularly by Bloor. Up to 
the present time, most of the work in this line has been done on 
human beings and dogs. The small amount of data on the fat 
in the blood of rabbits was due to the lack of suitable methods 
for the determination of the small amount of blood fat. The 
Kumagawa-Suto-Shimidzu gravimetric method,’ which usually 
needs 25 ec. of blood, is not available for small animals, espe- 
cially for rabbits, because of the low fat constituents. To get 
25 ce. of plasma, about 40 ec. of whole blood are required, and one 
drawing of such an amount of blood may cause a great change in 
blood fats, as is seen in the latter part of this paper. 

The nephelometric methods for the estimation of total fatty 
acids and lecithin, and colorimetric method for cholesterol, pro- 
posed and modified by Bloor, were used in the present work. 
In these methods, 2 to 3 cc. of blood are sufficient for at least the 


' Terroine, E.-F., J. phys. et path. gen., 1914, xvi, 212. 

? Bloor, W. R., J. Biol. Chem., 1914, xvii, 377; xix, 1; 1915, xxii, 133, 145; 
1016, xxiv, 227, 447; xxv, 577. 

‘Shimidzu, Y., Biochem. Z., 1910, xxviii, 237. 
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duplicate examination of total fatty acids, lecithin, and cho- 
lesterol; and 10 ee. of blood are enough for the complete analysis 
of the fat constituents in whole blood, and plasma and corpuscles 
separately, 

In all the following experiments, the blood sample was drawn 
from the ear vein before feeding, between 9 and 11 o'clock in the 
morning, after the rabbit had been kept over one night in a cage 
with a bowl of water. The ear was shaved, massaged, and the 
vein was cut slightly with a sharp razor. The quickly dropping 
blood was received in a graduated centrifuge tube containing 2 
drops of saturated citrate or oxalate solution. The rabbit's ear 
should be bent a little, to keep the wound open. After one 
becomes proficient in the technique, it is not difficult to draw 10 
cc. of blood in from 10 to 30 minutes. 

The determination of blood fat constituents was carried out by 
Bloor’s methods, except that 15 ec. of each extract of whole 
blood and plasma were taken instead of 10 ce. as in the orig- 
inal procedure, and a different amount of standard oleic acid or 
phosphoric acid solution was used in order to get similar values 
for comparison. It is not necessary to repeat the methods 
for the determination of blood fat constituents which have been 
described by Bloor. Slight modifications of the methods were 
made as follows: 

1. Fat values of corpuscles except in the first few cases were 
estimated directly instead of being calculated from the values of 
whole blood and plasma. Rabbit blood corpuscles were sepa- 
rated from the plasma after centrifugation and were washed with 
physiological salt solution. After the wash liquid in the centri- 
fuge tube had been thrown away, an equal quantity of distilled 
water was used for hemolyzing. ‘The hemolyzed corpuscles were 
extracted as in the case of the whole blood and plasma. 

2. For the nephelometric and colorimetric determination of 
the fats, 15 ce. of whole blood extract or 10 ce. of corpuscle 
extract were usually compared with 5 ec. of the standard oleic 
acid solution (containing 2 mg. in 5 ec.), or of standard phos- 
phorie acid solution (containing 0.15 mg. of H3PO, in 5 ece.), or 
of standard cholesterol solution (containing 0.5 mg. in 5 ce.). 

3. As plasma fat constituents were found to be very low, 15 
ec. of the plasma extract could be compared with only 3 ec. each 
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of the standard oleic acid solution, the standard phosphorie acid 
solution, and the standard cholesterol solution, the latter being 
sometimes reduced to 2 ce. 


Blood Fats of Normal Rabbits and Their Variation. 


Boggs and Morris‘ analyzed normal rabbit blood serum by the 
Soxhlet method and obtained 0.3 to 0.5 gm. of total extract. 
Sakai’ determined blood fats of six rabbits by the Kumagawa- 
Suto-Shimidzu method, and the Autenrieth-Funk method, their 
average values of fatty acids, non-saponifiable substance, and 
cholesterol being 0.293, 0.097, and 0.063 gm., respectively. 

In my experiments, the fat constituents in blood of nineteen 
male rabbits were analyzed. Nine of the rabbits were previously 
fed carrots, the other ten sunflower seeds, during periods of from 
1 day to a few weeks. The former is classified as Group A, the 
latter as Group B; and the results are given in Table I. 

The most remarkable fact in Table I is that the values of 
various fat constituents in plasma of rabbits on carrot diet 
(Giroup A) and on sunflower seed diet (Group B), particularly in 
the former, are much less than those of the corpuscles; total 
fatty acids in plasma being about two-thirds, while cholesterol 
and lecithin are only about one-half and one-third, respectively, 
of those of the corpuscles. 

In comparing Groups A and B, total fatty acids of the 
former, particularly that of the plasma, were found to be con- 
siderably less than of the latter, while there was almost no differ- 
ence in lecithin and cholesterol values. 

In Table II, our results on the average value of rabbit blood 
fut constituents are compared with those of dogs and humans 
(Bloor). 
be In Table II, the most marked fact is that cholesterol and 
lecithin in rabbit plasma are less than those in other animals, 
lecithin being one-half and cholesterol being one-third that of 
human plasma, while no great difference in total fatty acids ts 
found. 


‘ Boggs, T. R., and Morris, R.S., J. Exp. Med., 1909, xi, 553. 
Sakai, S., Biochem. Z., 1914, Ixii, 387. 


Sou 


we 


j 
al 
i 
rZ 
4 
* . 
4 


| 


Studies on Blood Fat. 


3458 


GES 
TPL 106 
108 Les 
LOS 
LL TES 116 
OF FOE 
6L 6.00 rate 
Is 729 
7.00 
Fiz 


) 


UGE 91 090 VOL O OF OO UTZ O 
lig 1 91020 O01 O80 OGL O OLI ONG 0 
UTP LES 1 OZ OTL O GE OTE OZ O TZ OLZ 0 
001 GLY 1 020 0 96 001 OST O 
OSS TSE OIL O SE OTL O FE OSE O28 0 
076 SL OOL OTL O O9% O LE O26 0 
| | 

69 [Ss Guo 0:60 0 6E USO O OVE 
ols O29 050 060 OLL OFS 066 U 

Jad | sad | sad aad | aad aod 

UO 


sploe L 


— 


pur 


Ut | 
Lt 
Lt 
Lt: 
Le 
OF 
SE | 


saad 


-sndio “BULSE] 


ODUAIAY 


09 | | 
Gg | OL ‘Ady | 
6161 
judd dod 8/61 
| 
cages | 
oom 


— 2 
¢ 
#4 
t 
Abe, 
| 
4. 
> 
>. 
af 
<3 
; 
< 


| Stl 200) 110) 880) 110) GO, HOLA » \ 
| 
j j 
PL Gi cs | 661); FO Cla 160} t20! | 660 660) OF | 0 AA | (4007 
| 
| | bay 
= ce GES 176 1 86 COLT SE OLOOTL O SE 0 O GF 008 OF 0 
GEE GSO TSE 06S 1 OTL O Sh OFT 0670 OZE & | @ Fi 
| | | | | 616) 
9 COS 16S TST 1 FL O 060096 0 08 O SE | | | 
81 £09 TOE Est 21 OOL O 080 OT O FE OFE ve co | | 
cL 100 vel SL OOL OTL O O12 O 18 OFF OF It “AON Ol 
Loe 100 189 £00 0.20 OOLO 080° 0 067 008 GO & | | 8 
ith TOS Tol GEG 1 21020 0010 && If 0 6c GOL G Apne | pA 
69 1 060 0 060087 0 FOZ 0980 TF OB » | 9 
OO 22 LOO TIE GH OSL O CE OLL OST O 09% O & | | | | 


| 

| 


I 


Studies on Blood Fat. 


350 


t+ 
66+ 


ol— 


| 
| 


judd dad quad sad sad yuad sad judas sad 


‘sojosnd: 


6+ 

+ 


‘BUISB] 


Ol— 
9+ 
Sot 
0 


6 

| 
| 91+ | 
| io" | | 
| 6F+ | | ZI+ 
| | &— | 
acme Cot | ¢+ 
| OF— | 6+ | co” 

sad 
Poor’ 


[BIOL 


| 


61+ 


| 
| 29+ 
| 
— 


sad sad 


d 


| 


-40,) 


! 


0) 

0) 

Ol+ 
Ol— 


c+ 


\seposnd 
| 


| 

| 

| OL+ | 
| 08+ 
| 
OL+ 


OZ— | 


‘ 


CY 


| 


-10;) | 


[BIOL 


juas dad sad 


| 0 
| | 
| 
c+ | 
ce+ | sit 
1 


| 


| M | 


Jod Qe 


” ” 
‘yuoo0 sod 


FULAIVA BUIMOYS ) 


OG 
61 


ON 


fo sjuanjijsuo) joy poorg fo 


“THT 


bis 
| 
“ad 
i 
i 
i 
“a 
| 
| 
i 
| 
J 
| 
| 
| | 
| 
| 
— — i — 
| 
| 
4 
S: 
~ i 
4 
rig i 
| - 
| 
+ 
wf 
Wy 
a 
4 
> 
> 
| 
1 
‘ 
? 
aS 


— 


I~ 


‘= 

© 


Ol 


So 


-_ 


JOMOYUNS UO Poy UoT 


61+ 
61+ 
Ol+ 
0) 

vi- 


0) 


tl 


part 


60+ 
| 
| 66+ 
| 


dnod') 


‘yuoo aad Qe 
‘yuoo 190d 


BULAIVA BULMOYS 


aN Ne NN | 
~ 
i 
cenoronone 
aj 
~ 
T T T 
Ayo) 
43 
| | | 
| 
| | 
4 
| 
~+- 
— 
— 
~ 
~ 
— 
M 
*% 


her 


352 Studies on Blood Fat. I 

There are only a few differences as regards fat constituents of 
corpuscles. Accordingly, the ratio of total fatty acids to lecithin 
in plasma is much greater in the rabbit. As the difference is 
more manifest in cholesterol than in lecithin, the ratio of lecithin 
to cholesterol is found to be larger. | 

Next we will consider the variation from the average of the 
fat constituents of whole blood, plasma, and corpuscles of the 
nineteen rabbits. ‘This is, however, as Table II] shows, not very 
large. Most of them vary from the average only within 30 per 
cent, as is shown in the following summary, taken from Table ITI. 


Variation from Ave rade. 


ec 
fatty acids ithin 


Potal fatty Lecithin. (‘holestero! 
Cholesterol 


Lecithin 
Group A ‘earrot diet). 

wcent | Per | per | per per per per per | per | per | per per per per per per 
cent! cent, cent cent cent cent cent | cent | cent jcent cent centicent cent 
0-30 | 100 89 56 100, 100) 89 100 44) 100) 78 56/100) 78) 89 
30-50 ll 33 | | 22; 444 «=| 11) 11 

i 

Over 50. 1] | 11) | 1 

Giroup B (sunflower seed diet’ 
0-30 100 100) 100, 0 90 90 80 100) 70 90 70; SO SO 
30-50 20 10; 10 10 30, 10° 30 20° 10° 10 
Over 50, 10 | 10 10 
. total fatty acids lecithin | 
As the ratios —-————- and —— e about con- 
lecithin cholesterol 


stant, their variations from the average are also small. 


Daily Variations of the Individual blood Fat Constituents of Normal 
Rabbits. 


“ix rabbits were used for this purpose, two of them being 
given carrots, the others sunflower seeds. The former group is 
classified as Group A and the latter as Group B. 10 ec. of blood 
were drawn from each rabbit either on consecutive days for 3 or 
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4 days, or at intervals of a few weeks or more. ‘The fat values of 
these specimens and their averages are given In Table IV. They 
are similar to the values in Table I, but much closer to the average. 

The variations from the average in the absolute values and 
total fatty acids lecithin 

of blood fat constit- 
lecithin cholestero!] 
uents either on successive days or at intervals of a few weeks 
and also from the Ist day's value of each rabbit fed on different 
diets are given in ‘Table V. The results have been summarized 
for discussion. 

The blood fats of two carrot-fed rabbits on successive days are 
within 30 per cent of variation from their average. In four 
rabbits fed with sunflower seeds blood fats on successive days and 
at few weeks’ intervals vary mostly within 30 per cent from their 
total fatty acids lecithin 

lecithin cholesterol 


the ratios 


average. For the ratios 


variation from the average is also very small. 

The individual variation of blood tat constituents of carrot- 
fed rabbits on consecutive days from the Ist day’s amount is 
Without exception within 380 per cent.  Mlost of the blood fat con- 
stituents of rabbits fed with sunflower seeds on consecutive days 
and at few weeks’ intervals are also within 30 per cent of varia- 
tion from the Ist dav’s value, as well as the ratios _ =r a 
me 


Jecithin 
am — ‘These small variations of individual blood fat 
cholesterol 
constituents from the values of the first samples are very signifi- 
eant for the study of fat metabolism, sinee the constancy of blood 
fat constituents of normal animals from day to day is the basis 
of such experimental work. 

Rabbit 21, for which plasma fat constituents on the successive 
davs increased and caused abnormally large variation, was sub- 
jected to strong anemia about 2 months preceding the experi- 
ment. The increase of plasma fat constituents and the large 
variation from the average and the value of the first sample in 
this case might be due to the abnormal condition. 
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Summary of Table V. 


Total 


| fatty acide. | Lecithin. | Cholesterol. fatty acids | 
| ‘Leeithin 


Lecithin 
Cholesterol 


| 


1. Indiv idu: il variation from ave rage. 


per per per per \per per per per per per per per per per per 
centicent centicenticent)cent centicent cent cent icent cent \centicenticent 


L 0-30) 100-100 100 100. 100 100 100 100 100) 100 100) LOO 


pe re nf 


Group 50. | | | 
A. 0-30 100.100. 10) 100 100) 100 100 100 100) 100 100, 100 100) 100 


| | | Se | 
0-30 100 100 $3 100 100 100 104) 100 100 100.100 100.100 83100 
0) 0-30 100-100 100 100. 67 100 100.100 100) 100,100,100. 100. 100.100 
(iroup | | | | | 
B. \11| 0-30 100,100. 100 100 100/100, 100/100 100 100 100100 100 100 100 
21 0-30 100. 83.100 100 100 100.100. 83.100. 88. 83) 83.100 100 100 
30-50 | | Bry 
Over 50. | 


individu: il variation from the Ist day's value. 


1) 0-30 100. 100: 100 100 100 100 100 100: 100, 50 100) 100 100 100 


30-50 
Crroup Over ov. | | | 
A. 0-30-1100: 100.100. 100.100: 100: 100-100-100: 100 100-100-1005 33. 100 
30-50 | | | 33 
Over 50. 33 


0-30 100100. 60.100. 60-100 100 10 100 100 100 60) 40 


30-50 | | 20) 0) | 20 40 
| | | Be | 20 20 
9 0-30 100.100 100 100 50) 100 100 100 100 100 100 100,100,100 
30-50 | | | | | 50 
B. 0-30 loo 100 100 100100 100 100 50 100 100. 100 100 100 100,100 
21 0-30 100 60, $0,100 401100 100 60 60) S080, S80 100 80) 80 
| |30-60 | |20:20) je | | 20 40 20 20. 20 0) 20 
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SUMMARY AND CONCLUSIONS. 


The blood fat constituents of nineteen normal rabbits. of 


different sizes and on different diets, have been determined. — In 
six of them, analvses were carried out every day for 3 or 4 days, 
and also in two of the latter at different times at intervals of a 
few weeks. 

It is most noticeable that in rabbit blood the fat constituents 
of the plasma are markedly less than in the corpuscles. There is 
a remarkable difference between rabbit blood and human or 
dog blood, and there is also a great difference in amount of fat 
constituents of whole blood and plasma in rabbits and in human 
beings or dogs. Of the fat constituents of rabbit plasma, cho- 
lesterol is one-third of that of human beings, lecithin one-half, 
and total fattv acids about two-thirds of human beings, while 
the difference of corpuscle fats is very small. From these tacts, 

. total fatty acids lecithin 
the ratios 
lecithin 
in rabbits than in human beings. 

Rabbits as well as human beings and dogs have a racial and 
individual constaney of fatty substances in blood. All the fat 
constituents in plasma and corpuscles of rabbits fed carrots and 
of rabbits fed sunflower seeds on successive days and at few 
weeks’ intervals are shown to be mostly within a very small limit 
of variation from the individual average and also from the Ist 
day's value. 


in plasma are larger 
cholesterol 


total fattv acids lecithin 
lecithin cholesterol 
to the racial and individual average and to the Ist day's amount. 
It is definitely shown in this experiment that the blood fat 
values are practically stable, even when 10 cc. of blood are taken 
every day, if the duration of bleeding lies within 3 to 4 days. 
This is particularly so on the fat-free diet. When 10 ce. of blood 
are drawn every day for a longer period, however, changes in 
amount of fat constituents take place which are reported in the 
following paper. 


The ratios are also very close 
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STUDIES ON BLOOD FAT. 
II. LIPEMIA IN ACUTE ANEMIA. 


By YAJTRO HORTUCHI. 


(From the Biochemical Laboratory, Harvard Medical School, Boston. 


(Reeeived for publication, July 29, 1920.) 


INTRODUCTION, 


Iexperimental lipemia, first described by Boggs and Morris,! 
was produced by them in rabbits by drawing from 15 to 45 ee. 
of blood every day. To produce the milky plasma 8 to 16 days 
were required. The blood fats increased from 0.3 to 4.53. per 
cent, as determined by the Soxhlet extraction method, lecithin 
being about 10 per cent of the total lipoid. Sakai’ did not find 
alimentary lipemia in normal rabbits, even in one from which 
20 ce. of blood were drawn and to which 17 gm. of palmin were 
viven but an inerease of blood fat in a rabbit which was made 
anemic by drawing 13 to 20 ce. of blood successively for 5 days, 
3 hours after 17 gm. of palmin were given. He examined also 
the alimentary lipemia in anemic rabbits fed on milk, bread, or 
ordinary food. In his cases, the fattv acids increased to a high 
degree, but cholesterol to a less extent, the relation of fatty acids 
to cholesterol being 12:1 or 16:1. He used the Kumagawa- 
Suto-Shimidzu method for the determination of fatty acids and 
cholesterol, and Autenrieth-Funk’s colorimetric method for the 
control of cholesterol estimation. Owing to the need of a large 
amount of blood in making the analysis of fats by the old meth- 
ods, the work of these authors was limited, as they could work on 
the animals only occasionally. 

As I considered it probable that a single drawing of a large 
amount of blood could cause a strong lipemia in a rabbit not 


' Boggs, T. R., and Morris, R.3S., J. Erp. Med., 1909, x1, 555. 
Sakai, S., Biochem. Z., 1914, |xii, 387. 
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previously anemic, I made preliminary experiments by repeated 
drawing of small amounts of blood from two rabbits, one on sun- 
flower seed diet, the other on carrot diet. In both of them, very 
high grade lipemia resulted. In further experiments with three 
rabbits on a fat diet, two rabbits on a fat-free diet, and one on a 
fat-free diet but with occasional fat food, a very high lipemia 
was produced and the relation of lipemia to different kinds of 
foods was carefully studied. 

A few remarks are added as to the methods of blood fat deter- 
mination. 3% ec. of whole blood and plasma, and 2.8 to 1.2 ce. 
of corpuscles, obtained from 7 (10-3) ec. of whole blood, were 
used for extraction. To estimate the lipoid of each blood sample, 
an appropriate quantity of the extract, according to the degree 
of lipemia, was used for comparison with the standard solution. 
For the total fatty acids, 15, 10, 5, 3, 2, sometimes even 1 cc. of 
whole blood and plasma extract were enough to compare with 5 
ec. of the standard solution, while 15 ec. of corpuscle extract were 
required to compare with 3 ec. of the standard solution. For 
lecithin, 16, 7, or 5 cc. of whole blood and plasma extract could 
be compared with the standard direct, while 10 to 15 ce. of cor- 
puscle extract were always used. In the cholesterol determina- 
tion, 5 to 15 ce. of whole blood and plasma extract were taken to 
compare with 3 to 5 ce. of the standard, while only 2 to 3 ec. of 
standard solution were needed for the 15 cc. of corpuscle extract. 


Change in the Blood Fats of a Rabbit, when About 10 Ce. of Blood 
Are Drawn Daily for 15 Days. 


A. Lipemia of a Rabbit on a Fat Diet.—About 10 ce. of blood 
were drawn from the ear every dav from a relatively small rabbit 
(No. 10), weighing 1,190 gm., while being fed with sunflower 
seeds. For the first 3 days of bleeding the composition of the 
blood remained unchanged. On the 4th day (72 hours after the 
first bleeding), namely after 35 cc. of blood were taken, the blood 
underwent a characteristic change, whole blood becoming like 
chocolate cream with a creamy plasma. This appearance became 
more marked on the following day. As shown by the analysis 
of the blood fats, total fattv acids, lecithin, and cholesterol 
increased greatly in the whole blood and plasma, particularly in 


> 
a 
43 
“4 
* 
? 
3 
% 
+ 
+ 
i, <2 
5 
— 
=< 
& 
+, 


Y. Horiuchi 365 


plasma. The highest values for total fatty acids of the whole 
blood and plasma were 7.09 and 8.41 times the value in the first 
specimen. Lecithin and cholesterol increased in the whole blood 
and plasma, but not so much as total fatty acids. The greatest 
increase in the whole blood and plasma for lecithin was 2.48 and 
3.63 times the Ist day’s value, cholesterol being 3.00 and 4.00 
times the original amounts. Fats in the corpuscles were slightly 
increased, but the increased amounts were within the limit of 
analytical error. 

B. Lipemia of a Rabbit on a Fat-Free Diet. same experi- 
ment was performed on a larger rabbit, weighing 1,080 gm., on a 
fat-free carrot diet. For the first 7 days, the blood fats showed 
no particular change, although 10 ce. of blood were drawn every 
day, and the percentage of corpuscles to the whole blood de- 
creased from 37 to 19, and hemoglobin (Sahl) from 55 to 30. 
lor 2 days thereafter, blood fat constituents increased gradually. 
Finally, a large amount of blood (45 ec.) was drawn, which caused 
a strong lipemia lasting for 3 days. On the 2nd day, the lipemia 
was greatest, and the increase of total fatty acids in whole blood 
and plasma was 9.53 and 15.52 times the normal value, lecithin 
being 4.06 and 7.50, cholesterol 2.20 and 3.43 times the normal. 
hat in the corpuscles was not much changed. 

as . total fatty acids lecithin 

Che ratios and - 

lecithin cholesterol 
on the Ist day of lipemia in Experiment B as well as in Ixperi- 
ment A. 

The analytical results of Experiments A and B, and the degree 
of increase of blood fat compared with the first sample are given 
in Table I. 

In one case (a rabbit fed on sunflower seed) strong lipemia 
was produced easily by repeated small bleedings, but in the 
other (a rabbit fed on carrots) an extensive additional bleeding 
was required. Also the total fatty acids increased to a greater 
extent than lecithin or cholesterol, and the lipemia in both cases 
is that of plasma but not that of corpuscles. 

As the only difference between Experiments A and B, except- 
ing the size of the animals, was in the feeding of a fatty and of a 
fut-free food, it is very probable that the fat of lipemia in Experi- 
ment A is due to the food fat, and in Experiment B to the mobil- 
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ized fat from the tissues. Further, the above fact proves that 
the lipemia caused by inability to utilize food fat occurs more 
easily and earlier than the lipemia from the stored fat. And 
again, larger hemorrhage is probably necessary to cause the 
mobilization of the fat in tissues, and also a certain period must 
elapse before the fat will appear in the blood stream. Moreover, 
we learn that it is absolutely necessary to avoid excessive hemor- 
rhage from rabbits not merely in the study of fat metabolism but 
also in ordinary chemical and serological work, as the content of 
blood would be changed. In the above two eases, the fat con- 
stituents in blood remained unchanged for 3 days in I:xperiment 
A and 7 days in Experiment B, when 10 cc. of blood were taken 
every day. 


Does Acute Anemia Cause Lipemia tn a Rabbit? 


In this experiment, a large amount of blood (45 ec.) was drawn 
from each rabbit. In Experiment \ with suntlower seeds, a 
slighily cloudy plasma was observed after 24 hours. The typical 
chocolate cream-like whole blood and creamy plasma were seen 
after 48 hours, and the lipemia reached the maximum on the 
following day. 

In Experiment B with carrots, the fat constituents in plasma 
and whole blood increased somewhat atter 24 hours. The plasma 
on the next dav became milky, but began to clear again on the 
4th day. 

The analytical results of blood fats in Experiment A show a 
large increase of total fatty acids in plasma and a proportional 
increase in Whole blood. Leeithin and cholesterol increased also 
in plasma, and therefore in whole blood, but not so much as 
total fatty acids. In Experiment B, the greatest increase of 
total fattw acids in plasma took place 48 hours after drawing the 
blood. It was about four times the first sample. As in Iexperi- 
ment A, lecithin and cholesterol increased markedly in plasma, 
but not so much as the total fatty acids. Fat values in cor- 
puscles in both cases are not particularly increased. Therefore, 
the lipemia of both rabbits, occurring markedly from food fats 
and less so from tissue fats, was in plasma alone, and not in 
corpuscles, 
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To make clear the degree of increase of blood fats in plasma by 


Be : acute anemia, a summary of Table II is added. 

Le Summary of Table IT. 

. Ratio of the high fat value in plasma to the original amount 
in lipemia by acute anemia. 

qi Day of anemia. | 

i | Total fatty acids. | Lecithin. | Cholesterol. 
q A. No. 14 (sunflower seed diet). 


. No. 16 (earrot 


Ist 

2nd 

4th 2.22 


7th | 36 


The fat value of the Ist day’s blood is ealled 1.00; the other numbers 
express the relation of high fat values to the originals. 


How Long Does the Lipemia Produced by Acute Anemia Continue? 


In this experiment, three rabbits, two fed on sunflower seeds 
and one on carrots, were used. It was desired to study the whole 
course of the lipemia of acute anemia. 

Experiment A.— One of the two rabbits on fatty food was made 
anemic by drawing a large amount of blood (70 ee.), in which the 
milky plasma, beginning slightly after 24 hours as in previous 
eases, developed strong milkiness, reached its maximum after 
72 hours, and then began to decrease on the next day. The 
milkiness disappeared from the plasma 168 hours after the first 
bleeding and the increased fat constituents, total fatty acids, 
lecithin, and cholesterol, in plasma had returned to about the 
original amount after 18 days. 

In Rabbit 18, which had been used 2 months before as No. 
16 for a similar experiment, the lipemia was of a little different 
tvpe as regards its beginning and duration. The marked lipemia 


ay 


g 
+7 


a Ist 1.00 | 1.00 | 1.00 
as 2nd 2.47 | 1.36 1.67 
4th 12.56 64 6.50 
1 
1.50 
33 
OO 
1.50 
l 


began 24 hours after the first drawing of blood and reached the 
maximum 48 hours after the first bleeding. Strongly milky 
plasma was seen for 5 days. Moreover, the lipemia was more 
marked than in others, the fat value being the highest of all the 
cases; highest total fatty acids being as large as 25.48 times the 
Ist day’s amount. The other lipoid constituents in plasma were 
also very high. The lipemia gradually diminished and after 17 
days all the fat values were near the original amount. 

Experiment B.—-With Rabbit 19 (carrot-fed), as the drawing of 
a relatively small amount of blood (35 cc.) caused very little 
difference in the blood fat constituents, another bleeding of 25 
cc. Was made on the next day. Then the increase of fats in 
plasma began promptly, and milkiness continued for the 2 fol- 
lowing days. However, in this carrot-fed rabbit as well as in 
the previous one on the same diet, the change in fat constituents 
was relatively small. Although the total fatty acids, lecithin, 
and cholesterol decreased day by day, they were a little higher 
than the first amounts even after 14 days. 

The summary, calculated from Table III, shows the percent- 
age increase of fats in plasma, during the whole course of the 
lipemia. 

In the three cases, the milky plasma continued for 6, 5, and 
3 days, respectively, after the first hemorrhage, while each blood 
fat constituent was generally higher than the original amount 
even after 17, 14, and 13 days, respectively. 
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“a Studies on Blood Fat. II 
Summary of Table IIT. 
a | Ratio of the high fat value in prseme to the original 
Rabbit No. | Devetanentia | amount through the whole lipemia course. 
| ‘Total fatty acids. Lecithin. Cholesterol. 
% A. Sunflower seed diet. 
13 | Ist | 1.00 1. 00 | 1.00 
| 2nd 2.12 1.22 | 1.33 
a | 4th 19.96 ! 7.78 | 6.17 
5th 
Oth 5 00 | 67 | OO 
| 2.11 
Sth 154 2100 1.83 
ISth 1 OS 1 44 1 67 
IS Ist 1 00 1 00 1.00 
10.35 2.530 3.83 
25.48 6.17 
| ith 15.71 1 00 7.33 
ith 14.05 3.75 5 00 
| 6th 10.71 2.67 4.17 
Oth 1.42 2.00 
12th 1.38 1 33 1.83 
15th 1 00 0.83 1.50 
B. Carrot diet. 
19 Ist 1 00 100 100 
1.18 1 25 1.18 
ord 2.27 42 1.13 
tth AZ 1 75 1 63 
| sth 7 SS 2 50 2 00 
Gth 3.94 1 50 1 50 
ith 2.2 23 1.20 
Oth 2.2 1 17 118 
4 Lith 1 41 1 OS 100 
What Influence Does Fat Feeding Hlave on the Lipemia of a 
wi Rablit on Carrot Diet in Acute Anemia? 
ae An additional experiment was performed with Rabbit 15, fed 
ae on carrots, made lipemic by twice drawing a large amount of 
oe blood. 4 days after the first bleeding, and when the blood fat 
ia constituents began to decrease, the animal was fed with fatty 
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food (sunflower seeds) half a day. The blood sample of the 
following morning, instead of diminishing, showed an apparently 
higher lipemia. The total fatty acids in plasma and _ whole 
blood increased nearly twice. Lecithin and cholesterol values 
also increased. ‘The milkiness of the plasma disappeared soon, 
and the blood fat constituents decreased also, vet they were a 
little higher than the original values after 10 days. ‘This experi- 
ment clearly indicates the relation between the lipemia from 
stored fat and the lipemia from food fat in acute anemia. The 
analytical results are given in Table LV. 


SUMMARY AND CONCLUSION, 


1. Lipemia, higher than any reported in alimentary lipemia in 
animals or in the blood of severe human diabetie acidosis, was 
produced by a single hemorrhage on a rabbit. 

In a relatively small rabbit (1,190 gm.), fed with sunflower 
seeds (fat content about 40 per cent), the repeated drawing of a 
small amount of blood, amounting to 35 cc. in 3 days, was enough 
to produce strong lipemia; the highest content of total fatty 
acids, lecithin, and cholesterol in plasma being 8.41, 3.63, and 
4.00 times the original values, respectively, while in the rabbit on 
fat-free food (carrots which contain 0.4 per cent of fats) the milky 
plasma appeared only after the repeated drawing of 10 ce. of 
blood for 9 days and one additional large hemorrhage (45 ec.), 
the highest amount of the above mentioned fat constituents 
being on this occasion 15.52, 7.50, and 3.43 times the first plasma 
fat values. 

In the cases of acute anemia, produced by one large hemorrhage | 
(45 ec.) on the fat-fed rabbit, the whole blood looked like choco- 
late cream and the plasma was thick and creamy. In these cases, 
the highest amounts of total fatty acids, lecithin, and cholesterol 
in plasma were tound to be 12.56, 4.64, 6.50; 19.96, 7.78, 6.17; 
and 25.48, 6.17, 8.83 times the normal values, while in carrot- 
fed rabbits the amounts were 4.32, 2.55, 2.33. and 7.88, 2.50, 
2.00 times the normal values. 

These lipemias occurred by reason of the inability of the rab- 
bits to utilize the absorbed food fats and mobilized tissue fats in 
the blood stream. The experiment with Rabbit 15 on earrot 
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diet gives us definite proof that fat feeding increases lipemia to a 
considerable degree. 

2. The duration of the lipemia of acute anemia is relatively 
short. The lipemia of rabbits on fat begins with slightly cloudy 
plasma 24 hours after a large bleeding. ‘The creamy or milky 
plasma appears after another 24 hours and the thickest creamy 
plasma is observed about 72 hours after the first hemorrhage. 
Thereafter, the lipemia decreases gradually and disappears within 
another 72 hours. The cases of carrot-fed rabbits proceeded 
nearly like rabbits fed on sunflower seeds, the difference being in 
the amount of fatty contents. 

Although the milkiness of plasma disappeared in a relatively 
short time, the abnormally high values of fats in the blood con- 
tinued for a markedly long time. High values persisted even 
after 18 and 14 days from the beginning (Nos. 13, 18, and 19). 
As the result of small daily blood letting for 9 days and a final 
large bleeding, Rabbit 17, carrot-fed, had strong lipemia and 
milky plasma for 5 days. Its blood fat constituents as well as 
the percentage of corpuscles and hemoglobin were normal in a 
sample taken 27 days after the plasma began to be milky. 

3. The above mentioned lipemia, due either to external food 
fat or to internal body tissue fat or to both (No. 15), is a case of 
lipoidemia; z.e., the great increase of total fatty acids was accom- 
panied by a corresponding increase of lecithin and cholesterol. 
The increase of the latter mentioned substances was, however, 
not mathematically proportional to that of total fatty acids, and 
the amounts varied rather irregularly. This lipoidemia of rab- 
bits in acute anemia is a lipoidemia of plasma, but not of cor- 
puscles, as the latter does not share particularly in the fat accu- 
mulation in the blood, as can be seen from the analytical results. 
A similar phenomenon was experienced by Bloor only in the high 
grade lipemia of some cases of human diabetes mellitus;*’ while 
in other cases of the same disease and his work* on fat assimila- 
tion, some increase of the fat constituents in corpuscles was 
always observed. 

4. Lipemia, caused by blood letting, can be produced more 
easily and in a much higher degree when the fats originate from 


’ Bloor, W. R., J. Biol. Chem., 1916, xxvi, 417. 
* Bloor, W. R., J. Biol. Chem., 1916, xxiv, 227, 447. 
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the food than when they are mobilized from body tissues. It is 
a fact of some interest that in a carrot-fed rabbit (No. 17) the 
very striking lipemia was observed after a large blood drawing 
when the animal had been previously subjected to repeated small 
bleedings for 9 days amounting to 90 ce. It is possible that the 
organism had been prepared for mobilization of body fat when 
previously exposed to anemia for several days. 

5. As the increase of total fatty acids is markedly more than 


ae . total fatty acids 
that of lecithin and cholesterol, the ratio otal fatty acid 


lecithin 
whole blood and plasma is abnormally high in strong lipemia. 
. leeithin 
As a rule the ratio —— is not particularly changed. 
cholestero] 


6. As lipemia may be caused both by repeated drawing of small 
amounts of blood and also by a large hemorrhage, care must be 
taken in the interpretation of the conclusions from work on blood 
fats done under such conditions. 

7. As to the etiology of lipemia, the decrease of the amount. of 
lipase in blood serum, determined by Sakai by the stalagmometrie 
method of Rona and Michaelis,, may be a factor. However, 
Sakai did not attempt to determine why the lipase in blood serum 
was decreased. It is very probable that hemorrhage may inter- 
fere with the function of the internal organ which is thought to 
be the seat of the production of lipase-—the pancreas —and with 
the organs in which the Evolytic process® takes place, such as the 
spleen, lymphatic glands, ete., and also the liver?’ which is 
believed to be an important organ for the end or later stages of 
fat metabolism (Knoop,’ Leathes, ete.). Accordingly, abnor- 
mally lower lipolysis and oxidation of fats may result, and a 
lipemia may finally be produced. Those important organs for 
fat metabolism would be gradually weakened for 2 or 3 days 
after hemorrhage and then gradually recover, as seen in the 


’Rona, P., and Michaelis, L., Biochem. Z., 1911, xxxi, 345. Rona P., 
Biochem. Z., xxxiii, 4153. 

6 Freudenberg, E., Biochem. Z., 1912, xlv, 467. 

7 Leathes, F. B., The fats, London, 2nd edition, 1913. 

8’ Shibata, N., Biochem. Z., 1911, xxxvii, 545. 

¥ Knoop, F., Beitr. chem. Physiol. u. Path., 1905, vi, 150. 
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disappearance of milkiness of plasma and the decrease of blood 
fat constituents shown by our experiments. 

In fat wandering, which has been much discussed in cases of 
phosphorus and other poisoning, fat transportation from the 
tissues into the liver oecurs when there is a great diminution of 
glycogen in the liver. In acute anemia, it might be supposed 
that the liver glycogen is exhausted before a new supply from 
food (earrots) reaches the organ. However, the appearance of 
lipemia in acute anemia is due more likely to a temporary tasting, 
as a large hemorrhage may produce a kind of inanition. Such 
severe lowering of nutrition may be enough to produce mobiliza- 
tion of stored fat, giving rise to the accumulation of fat in 
the blood for some length of time by the synchronic lack of 
lipolytic action. The lipemia may disappear either when the 
nutrition of organs and tissues again becomes sufficient from 
food or when the lipolytic power of the blood is completely regen- 
erated. The idea that some of the tissue fats may be easily and 
others may not be so easily mobilized is plausible. In Rabbit 
18, which was exposed previously to anemia, the lipemia by 
acute anemia occurred more easily and earlier than in a normal 
one. 

8. Leathes’? hypothesis that lecithin is a stage through which 
the fat must pass before it can be utilized in metabolism, was 
supported by Bloort by the fact that the lecithin value in corpus- 
cles always increased abnormally, when the plasma contained an 
extra amount of fat, due to the transformation of fatty acids 
into lecithin by corpuscles. In my experiments, however, it was 
not possible to observe this, as the lecithin value in corpuscles 
was not high. If the above mentioned theory is true, there 
should result a#hypothesis that the extent of that function of 
corpuscles would be limited in acute anemia, and therefore the 
fut constituents in corpuscles remain almost unchanged, while 
extra fat is left in the plasma without being taken up by cor- 
puscles, resulting in a condition of lipemia. 
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A DEFICIENCY IN HEAT-TREATED MILKS. 
By AMY L. DANIELS ann ROSEMARY LOUGHLIN 


(From the Department of Nutrition, Child Welfare Research Station, Uni- 
versity of Towa, Cutly. 


‘Received for publication, August 9, 1920.) 


From time to time during the past few vears there have 
appeared in the literature reports of investigations dealing with 
the biological value of heat-treated milk. These are more or 
less contradictory, some authors contending that while certain 
chemical changes have rest !ted from the processes emploved, they 
have not altered the biologieal value of the milk.! Indeed, in 
certain instances it has been pointed out that boiled milk of 
another species is better borne than raw milk. On the other 
hand, there are experiments which indicate that the nutritive 
value of raw milk is much greater than that of boiled milk. These 
varying results may be due (1) to the different methods employed 
in heating the milk; or (2) to the different lengths of time the 
experiments were run. Milk boiled quickly may have quite 
different values from that which has been brought slowly to the 
boiling temperature; and an experiment continued over many 
months may produce results which are not discernible in a short 
period investigation. Rickets is not a quickly developing syn- 
drome, but the outcome of a greater or less deficiency over a 
considerable period. 

Among those who contend that milk has been made less valu- 
able by heating to high temperatures, there is little unanimity of 
opinion regarding the cause of the deterioration. Recent findings 
relative to the thermostability of the antiscorbutic vitamine may 
account for some of the apparent inconsistencies;? but, in those 


' The literature has been reviewed by Lane-Claypon, J. E., Milk and its 
hygienic relations, London, New York, Bombay, and Calcutta, 1916, 225. 

? Chick, H., Hume, M. E.. and Skelton, R. F.. Biochem. J., 1OIS, xii, 
131. Hess, A. F., and Fish, M., Am. J. Dis. Child., 1914, viii, 385. Hess, 
A. F., Am. J. Dis. Child., 1916, xii, 152. 
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cases where the investigations were carried out with rats, it 
would seem that the biologic impoteney cannot be attributed 
altogether to the destruction of this vitamine, for rats in our 
laboratory which have been fed purified rations, containing no 
demonstrable amount of the antiscorbutic vitamine, throughout 
a complete life evele have made what is considered normal growth; 
have reproduced; and reared their voung. These, in turn, have 
repeated the performance of the parents. 

Other substances which have been considered as possibly 
responsible for the lack of physiologic well being of animals fed 
heat-treated milk are the casein, and the antineuritie vitamine 
(water-soluble Bj). MeCollum and Davis* fed rations in which 
the sole source of the water-soluble vitamine was superheated 
whey (15 pounds pressure for 1 hour) in certain cases; and in 
others the water-aleohol extract of wheat embryo similarly 
treated. There was no evidence that the vitamine was destroved. 
The rats grew quite as well as control animals receiving similar 
rations containing the unheated materials. When, however, 
skim milk powder, heated for a considerable period in a double 
boiler, or for 1 hour in an autoclave at 15 pounds pressure, was 
used, growth was not comparable to that on the unheated powder. 
This heated milk powder also lost its potency as a supplement- 
ing material for rations consisting of polished rice, salts, and 
butter fat--rations which require both protein and the water- 
soluble food accessory to make them support growth. The 
addition of a growth minimum (10 per cent) of unheated casein 
to a ration consisting of superheated milk powder stimulated 
growth, which continued slowly throughout the experiment. 
The authors conclude that heating casein for 1 hour in an auto- 
clave at 15 pounds pressure quite destroys its biologic value as a 
complete protein. 

Hogan,? on the other hand, believes that high temperatures 
affect the vitamines rather than the proteins. He found that 
rations including superheated casein and egg white, as essential 
parts of the protein requirement, produced growth similar to 
that secured by rations containing the unheated proteins. In a 
second group of experiments, when corn mixtures, which fur- 


§MeCollum, Ek. V., and Davis, M., J. Biol. Chem., 1915. xxiii, 247. 
‘Hlogan, A. G., J. Brol. Chem., 1917, xxx, 115. 
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nished the vitamines, were superheated before the addition of 
these proteins, growth was less marked than on similar rations 
which were unheated. Protein deterioration could not have 
heen responsible for the lack of growth here. The vitamines 
appear to be at fault. There is, however, no experimental 
evidence to indicate which of the vitamines may have been 
affected, 

Cribson and Conecepern’ fed fowls a diet of polished rice and 
nik, some being given raw milk (LOO ce.), while others received 
an equal amount of rice and autoclaved milk. The results indi- 
eate that milk has little protective action against polvneuritis, 
for the birds receiving these additional milks developed poly- 
neuritis in about the same time as those fed polished rice alone. 
The autoclaved milk, however, did not appear to promote the 
onset of the neuritic svimptoms. When a considerably larger 
amount (200 ce.) of milk, either fresh or autoclaved, was fed, 
neither group developed neuritis and there was no evidence of 
degenerative changes in the peripheral nerves of these birds. 
From these results it would seem that the antineuritic vitamine 
had not been materially affected by the high temperatures (2 
hours at 125°C.). Comparable results were also obtained with 
pigs and dogs. | 

Recently, some suspicion has been cast on the thermostability 
of the fat-soluble vitamine in certain fats. Osborne and Mendel® 
allowed steam to pass through butter oil for 25 hours. This, 
when used as the source of fat-soluble A in rations, gave every 
indication of being as efficient as the untreated butter oil. Steen- 
bock and coworkers,’ however, have reported that the fat-soluble 
Vitumine is readily destroved even below 100°C. It is probable 
that the apparent inconsistency in the results of these investiga- 
tions lies in the fact that in one case the fat was heated in the 
presence of water (steam), whereas in the other no moisture was 
included. We have found no reports dealing with the effeets of 
superheat on the fat-soluble complex as it exists in milk. 


> Gibson, R. B., and Conecepeién, I., Philippine J. Se., Section B, 1916, 
xi, 119. 

6 Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1916, xxiv, 37. 

7 Steenbock, H., Boutwell, P. W., and Kent, H. F., J. Biol. Chem., 
1OIS, xxxv, 517. 
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In a recent study (1015) of the nutritive value of milk held at 
the boiling temperature for different periods, Daniels and Stuessy® 
observed that rats fed milk boiled 1, 10, and 45 minutes, respec- 
tively, grew slowly, failed to achieve the expected weight for 
normal animals, and never reproduced. Crowth curves of rats 
receiving milk heated above 100°C’. (114°C. for 45 minutes) 
were fairly comparable to those receiving milk held at the boiling 
temperature, nutrition disaster intervening only somewhat earlier. 
The addition of well washed coagulated egg volk and casein to 
the diets of those animals receiving the milk held at the boiling 
temperature for 45 minutes, and of coagulated egg white to the 
superheated milk, caused growth to be resumed. The animals 
fed the egg volk additions produced several litters of voung which 
were successfully suckled. Although the authors offer in expla- 
nation of their results the possible destruction of some of the 
casein, which was supplemented by the added protein, they 
suggest that there might be other contributing factors, such as 
the vitamines and inorganic constituents which were respon- 
sible for the growth stimulation. 

Since the first report, some of the above experiments have 
heen repeated with the view of determining, if possible, what 
substance or substances are changed by the heating processes. 
In the earlier work, in order that all conditions during heating 
might be as nearly comparable as possible, equal quantities of 
milk (1 pint) were brought to the desired temperature in glass 
containers of the same size and form, which were completely 
surrounded by cold water. The period of boiling was counted 
from the time the milk reached the boiling temperature (OS°F.), 
the time required to bring the milk to the boiling point (about 
35 minutes) not being considered. In the new experiments, 
since the length of time the milk was held at the boiling tempera- 
ture appeared to make but little difference in the growth of the 
animals, the milk was brought quickly to the boiling point in an 
open aluminum kettle, and the boiling continued for just 1 min- 
ute. At that time it was believed that milk brought quickly to 
the boiling point was in everv way comparable to that heated by 
the former method. In these experiments special care was taken 


®§ Daniels, A. L., and Stuessy, 8., Am. J. Dis. Child., 1916, xi, 45. 
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to select well nourished young rats from our stock group. 
rats of the first generation fed this quickly heated milk grew 
normally, and to all appearances were perfectly nourished ani- 


mals (Chart 1). 


Our 


(;rowth in these rats was in such striking con- 


trast to that of the earlier work that it seemed best to repeat the 
former experiments, heating the milk under the same conditions 


as before. 


Our results with this second group of rats fed the 


mulk brought slowly to the boiling point were the same as those 
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(“art 1. These animals were fed milk heated quickly to the boiling 
temperature and sustained for | minute. 
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(Hart 2. 
at about half the usual rate. 


of the first experiments 


Rats fed milk heated slowly to the boiling temperature grew 


the animals grew slowly, reached only 


about half the normal size, and failed to reproduce (Chart 2). 
A comparison of the growth curves of these milk-fed animals can 
lead to but one conclusion; namely, that milk brought quickly to 
the boiling temperature and held there for only a short period is 
little affeeted, while that which has been heated for a considerable 
period (35 minutes), even below the boiling temperature, 1s so 
changed that it fails to meet the nutritive requirements of rats. 
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The results with the slowly heated milk led us to investigate 
the effects of commercially canned milk and milk pasteurized by 
the “hold” system—-a system used extensively in dairies and in 
institutions where numbers of babies are cared for. Previous 
experience in our laboratory with milk pasteurized by the “flash” 
svstem has indicated that it is little affeeted by the process. 
Rats grew as well on this as on milk raised quickly to the boiling 
temperature. 

The pasteurized milk used in our experiments was prepared 
under the same conditions as that used for the babies in our chil- 
dren’s hospital. The milk was placed in individual nursing 
bottles which were surrounded by cold water. The water was 
heated by steam to 65°C. in some cases, and in others to S2°C., 
the tune required for heating varving from 30 to 45 minutes, 
depending upon the pressure on the particular day. The milk 
was then held at the desired temperature 40 minutes, after which 
it was cooled by running water and placed on ice.” 

[mn our experiments with commercially canned milk, both the 
sweetened (condensed) and the unsweetened (evaporated) were 
used. In the latter case (evaporated milk) three brands, desig- 
nated as Brands A, B, and C, were tested. In one case only 
were we able to get definite information regarding the methods 
of preparation. We infer that the methods emploved in the 
other two eases were similar. “The process consists in holding the 
milk at the boiling temperature tor approximately 10 minutes. 
It is then evaporated in vacuo at a temperature of 130-140° F. 
until the ratio is approximately two to one. After cooling, it 1s 
canned, sealed, and sterilized at 240° F. for about 20 minutes. 
These milks diluted with equal quantities of distilled water, to 
Which a few specks of iron citrate were added, were fed ad libitum, 
especial care being taken to see that an abundance of milk was 
always provided. 

In the production of the condensed milk tested according to 
the statement of the manufacturer, after adding the sugar the 


* We appreciate that the temperature of pasteurization was somewhat 
higher than that used in the commercial process, and therefore no conclu- 
sions regarding the biologic value of the commercially pasteurized milk 
can be drawn. Experiments with milk commercially pasteurized are now 
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milk is first heated to approximately 200° FF. This is then con- 
densed to the desired consistency in vacuum pans, the tempera- 
ture during this part of the operation averaging 150° I., but as 
the milk condenses the temperature gradually drops until it 
reaches about 120° at the completion of the process. This milk 
was fed undiluted, distilled water being provided in other con- 
tauimers. 

The growth curves of the rats fed the pasteurized milk (Chart 
3) are very similar to those of animals which recerved the milk 
heated slowly to the botling temperature. As in the latter case, 


Grems, D/AT OF PASTEURIZED i} 
PAST. MILK + GA. 
| 
r / / 

2060 ot 7 
44 
Oe 
4 Vala | 
40 y 
ets, 


Cuart 3. Growth curves of rats fed milk pasteurized by the ‘‘hold’’ 
process in the apparatus used for pasteurizing the hospital infants’ milk 
feedings. During Period 2 (represented by the broken line) the addition 
of tricalcium phosphate incorporated in a starch paste stimulated growth. 


the rats grew at about half the usual rate and never attained the 
normal size for adult animals. 

With the unsweetened (evaporated) milk the results were even 
more surprising (Chart 4). On Brand A the animals made almost 
no growth gains and died after a few weeks. On Brands B and 
C slightly better results were obtained. The animals gained 
slowly and lived for somewhat longer periods, but all ultimately 
died in a miserable condition—emaciated, with roughened coats, 
but with no signs of xerophthalmia. The somewhat better 
results with Brands B and C may possibly be explained by the 
fact that the animals on these were about 2 weeks older when the 
experiment was begun. 
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The animals fed the sweetened (condensed) milk'® made 
decidedly better growth than any of our rats fed the other forms 


of long heat-treated milk; 


in fact their curves of growth are 


fairly comparable to those of normal animals (Chart 5, Group 2). 
Although the temperatures used in the process of condensing, 
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CuHarRT 4. Animals fed evaporated milk (unsweetened) made searcely 
no growth and died after a few weeks. 
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Cuart 5. Group 1 indicates the rate of growth of animals fed evapor- 
ated milk made into a starch paste. 
Group 2 are growth curves of animals fed undiluted condensed (sweet- 


ened) milk. 
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for assistance in these experiments. 
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after the initial step, were not so very different from those 
employed in our pasteurization processes, the chemical changes 
produced, seemingly, had not taken place. In view of our other 
findings these results were at first confusing. The explanation, 
however, was forthcoming later in the investigation. 

In studying what changes had taken place in the unsweetened 
(evaporated) and our long heat-treated milks, our attention was 
first directed toward the possible destruction of the two vitamines, 
fat-soluble A and water-soluble B. The addition of liberal 
amounts (25 ec. per 200 cc. of milk) of the water-aleohol extract 
of wheat embryo to the milk raised slowly to the boiling tempera- 
ture produced no perceptible change in the growth curves of 
these animals. Nor was there anv evidence that the antineuritic 
vitamine was affected in the milk heated to the higher tempera- 
tures (evaporated milk). Those animals fed purified rations! in 
which the antineuritic material was supplied by fresh milk in 
one case and diluted evaporated milk in another, gave no indica- 
tion that the antineuritic vitamine was destroyed by the con- 
densing process (Chart 6). During the early part of the investi- 
gation too little milk (less than 200 ce. per 100 gm. of ration) 
was added to produce normal growth. The growth curves of the 
animals receiving the evaporated milk additions, however, were 
consistently better than those of animals receiving the fresh milk 
mixture. These better results seem to point to a higher anti- 
neuritic content of the food mixture containing the evaporated 
milk. In preparing the foods especial care was taken to dilute 
the evaporated milk with equal quantities of distilled water. A 
comparison of the protein (N * 6.25) content of this diluted milk 
(3.5 per cent) and the fresh (3.3 per cent) milk suggested that the 
evaporated milk, as fed, might contain slightly more of the 
vitamine. We appreciate, however, that the amount of protein 


'' The purified rations consisted of: 


Milk, evaporated. .... 28.0 ce. 


The precipitated casein was washed 24 hours in running water, dis- 
solved in 0.2 per cent sodium hydroxide solution, reprecipitated with 
diluted acetic acid, and again washed 24 hours in running water. 
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amuk contains ean be, at best, only a very rough estimate of its 
antineuritic value. Nevertheless, if the antineuritic vitamine 
had been considerably destroyed by the prolonged heat treat- 
ment employed in the evaporation processes, it would have been 
evidenced, we beleve, by a slower growth rate of the animals 
fed the evaporated milk ration. 

We have been unable also to obtain data indicating that the 
fat-soluble vitamine is appreciably affected, if at all, by the 
heat treatment of milk. The addition of butter oil (2 gm. per 
100 ce. of diluted milk) was without effect in stimulating growth 


IGrems) WATER UBLE|IB SUPPLIED |WATER-SPLUBLE B SUPPLIED 
} | BY EVAPORATED SI/LA BY \FRESH MILK 
GROUP / GROUPR / | 
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Cuart 6. Animals fed purified rations in which evaporated milk (100 ec. 
during Period 2), Group 1, and fresh milk (200 ec. during Period 2), Group 
2, respectively, supplied the only water-soluble vitamine made comparable 
growth gains. 


in the stunted animals fed the superheated (evaporated) milk. 
A comparison of the growth curves of animals fed a purified ration 
in which the fat-soluble vitamine was supplied very largely by 
2 per cent of milk fat from evaporated milk (28 ec. per 100 gm, of 
ration), and fresh milk (56 ec. per 100 gm. of ration), respectively, 
gave no evidence of the destruction of this vitamine (Chart 7). 
During the period of investigation both groups have made normal 
growth gains, and in neither has there been any indication of 
xerophthalmia. The purified ration for these particular groups 
was prepared from casein obtained from centrifuged milk. This 
was not ether-extracted, nor was the wheat embryo used as 
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the source of the water-soluble vitamine extracted previous to 
the alcoholic treatment. It is obvious, therefore, that somewhat 
more than 2 per cent of butter fat was being fed. But since it 
has been shown that 5 per cent is essential for normal growth,'” 
it was believed that if a considerable destruction of the butter 
fat had taken place in the superheated milk it would be made 
apparent by the comparative study. 

‘The addition of both vitamines—the water-soluble and the 
fat-soluble—produced no growth stimulation in the stunted 
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Cnart 7. Growth curves of animals fed purified rations in which the fat- 
soluble vitamine was supplied by 2 per cent of fat from evaporated milk 
(Group 1), and fresh milk (Group 2). In these rations the casein and 
wheat embryo which furnished the extract containing the water-soluble 
vitamine were not ether-extracted., 


animals fed the evaporated milk. If either of these vitamines 
was affected by the methods of heating, it was not indicated by 
our investigation. 

The insoluble precipitate on the sides and in the bottom of 
some of the cans of evaporated milk used in the investigation 
suggested that the inorganic constituents, in part at least, might 
be responsible for our growth failures. It is well known that 
boiling brings about changed relations in the inorganic complexes 
of the milk, resulting in an increase of the insoluble caleium and 


2 MeCollum, E. V., and Davis, M., J. Biol. Chem., 1915, xx, G41. 
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magnesium salts, especially the calcium phosphates,'® at the 
expense of the soluble forms. But all evidence in stock feeding, 
at least, points to the conclusion that these di- and _ tri-basic 
salts are available. Bone ash and precipitated calcium phos- 
phate are usual additions to certain types of farm rations.'* ‘Phe 
additions of mono-basic and di-basic calcium phosphate, respec- 
tively, to our milk foods were without significant influence. ‘The 
mono-basic salt was apparently distasteful, for when this was 
added very little of the milk was eaten. With the = di-basic 
phosphate somewhat better results were obtained, but growth was 
still considerably below normal. When calcium lactate was 
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CuarrS. The addition of calcium lactate to milk brought slowly (35 
minutes) to the boiling point, stimulated growth (Period 2). The rate 
of growth, however, is considerably less than the optimum. 


added to the milk brought slowly to the boiling point, growth 
was stimulated in animals previously stunted on this milk alone 
(Chart 8S). Furthermore, young animals fed both the long heat- 
treated milk, and the superheated milk (evaporated) to which 
ealcium lactate (approximately 0.77 gm. per LOO ec. of milk) was 
added from the beginning, made fairly satisfactory growth gains; 
and in a number of cases voung were born (Charts 9 and 10). 
Very occasionally we succeeded in raising a few of a second gen- 
eration. However, the number of young which we failed to 
18 Bull. Hyg. Lab., U.S. P. WH. No. 56, 1909, 2nd edition, 646. 


'@ Henry, W. A., and Morrison, F. B., Feeds and feeding, Madison, 
Idth edition, 1916, 66. 
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raise, and the fact that our first generation was somewhat below 
the accepted standard for well nourished rats, suggested that 
calcium lactate only in part made up the deficiency produced by 


the heat treatment of milk. The additions of considerably larger 


amounts of calcium lactate produced no better resnits. 
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Cuartr 9. These animals were fed, from the beginning of the experi- 
mental period, milk brought slowly to the boiling temperature, to which 
calcium lactate was added. 
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Cuarr 10. The addition of ealeium lactate to evaporated milk pro- 
duced much better growth than evaporated milk alone. In some cases 
young were born; a few lived through the suckling period. 


It seemed probable that our lack of suecess with the dicalceium 
phosphate might have been due to the fact that enough of the 
salt could not be dissolved in the milk to meet the needs of the 
experimental animals, therefore the more soluble calcium glycero- 
phosphate was tested. The substitution of this for the caletum 


| 

4 


A 


or 


BAK 


~ 


i 


Sy 


394 Deficiency of Heat-Treated Milks 


lactate stimulated growth (Chart 11, Group 1). By incorporat- 
ing the calcium glycerophosphate in a paste of diluted evaporated 
milk and corn-starch, our results were even more successful. 
The growth curves of these animals (Chart 11, Group 2) were 
quite similar to those of animals fed milk boiled 1 minute. With 
our calcium glycerophosphate additions young rats have grown 
to maturity and reproduced at a comparatively early age. This 
is the first time in our many experiments With long heat-treated, 
or superheated milk that we have been able to secure results at 
all comparable with those obtained on raw milk (Chart 12) or 
milk brought quickly to the boiling point (Chart 1). 


2 GROUP 3 
VAPPARATED EVAPORATE O MILA 


With 
Ce. Glycere| Phe Th: Phep. 


ll. The substitution of glycerophosphate for calcium 
lactate in the diet of rats fed slowly heated milk stimulated growth 
(Group 1). 

Calcium glycerophosphate added to evaporated milk produced normal 
growth curves. Young were born at a comparatively early age (Group 2), 

Evaporated milk supplemented with tricalcium phosphate in a starch 
paste produced equally good growth (Group 3). 


As has been stated, all evidence in the literature is to the 
effect that triealctum phosphate when fed to stock ts available. 
Do rats differ from farm animals in being unable to utilize this 
tri-basic salt? In order to determine this we fed evaporated 
milk (Brand A), and supplemented this with the insoluble salt 
incorporated in a starch paste. The growth of these animals 
(Chart 11, Group 3) is superior to that of any of our milk-fed rats, 
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and leaves no doubt concerning the availability of this tri-basic 
salt. 

Why then did our animals fail to grow on the long heat-treated 
and evaporated milk? Two possibilities suggest themselves. 
In the process of condensing, a certain amount of the calcium 
phosphate is precipitated and may be discarded as waste, although 
in the published analyses®-there is no evidence that such has 
been the case. It is also possible that some of the insoluble mate- 
rial settled to the bottom of the feeding containers and was not 
taken by the animals. Rats fed the diluted evaporated milk 
(Brand A) thickened with corn-starch made practically normal 
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Cnart 12. Growth curves of first generation rats fed raw milk. 
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growth gains during the S weeks of the investigation (Chart 5, 
(;roup 1). A comparison of these curves with those of our 
animals on the unthickened evaporated milk suggests that the 
growth failures of our animals on the evaporated milk were due 
to the facet that the insoluble calcium phosphate in the diluted 
milk settled out and was not eaten. 

Can the nutritive failures of our animals fed the long treated 
milk, that is the milk brought slowly to the boiling point, and 
the pasteurized milk, be similarly accounted for? In these we 
have never been conscious of any considerable precipitate, 


'® Sherman, H. C., Chemistry of food and nutrition, New York, 2nd 
edition, 1918, 424, 
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although slight precipitates were frequently observed on the sides 
and bottom of the containers in which the milks were heated. 
In order to test this point, animals previously stunted as the 
results of pasteurized milk feeding were given in addition the 
tricalcium phosphate starch paste. As in the ease of the evap- 
orated milk-ted rats growth was immediately stimulated (Chart 
3), suggesting that in the “hold” process of pasteurization the 
insolubilitv of the ealeium salts was responsible for the growth 
fuilures. When the bottles in whieh the milk was pasteurized 
were carefully washed out with distilled water and the washings 
incorporated in a starch paste, the animals made better gaims 
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Cuarr i$. Long heat-treated milk made into a paste also produced 
growth superior to that of the long heat-treated milk alone (Group 1). 

The washings from the containers in which the milk was pasteurized, 
when added to the pasteurized milk in the form of a paste, produced 


better growth than the pasteurized milk alone (Group 2). 


than on the pasteurized milk alone (Chart 13, Group 2). Sim- 
arly, our animals fed long heat-treated milk incorporated into 
2 paste made normal growth gains (Chart 13, Group 1). In 
both these eases the results ean be explained only by the fact that 
the caleium phosphates were held in suspension by the colloidal 
solution and therefore were made available. 

The growth of the animals fed the thickened heat-treated 
milk suggested an explanation for our results with the condensed 
milk. ‘This milk, it will be reealled, is of a thick, semisolid con- 
sisteney, and in our experiments it happened that this was fed 
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undiluted. Any insoluble calcium salts formed during the con- 
densing process, therefore, were held in suspension. The thick 
mixture made it possible for the animals to get all the ealeium 
phosphates present. 

The explanation for the results obtained in the previous inves- 
tigation’ following the addition of egg volk and casein to the 
long heat-treated milk, is now apparent. Both of these materials 
furnished appreciable amounts of ealelum and phosphorus 
substanees whieh have been shown to be deficient in long heat- 
trented milk, 

The results of all our experiments on the long heat-treated milks 
point to the same conclusion; mamely, that. im the process of 
heating, the caletum salts are rendered more or less insoluble, 
depending upon the length of time the milk is heated. In this 
insoluble form they mav be lost, owing to the facet that some otf 
the precipitated material adheres to the container, as in the case 
of long pasteurized or slowly heated milk, while some, for exaniple 
in evaporated milk, separates out on standing. When especial 
care was taken to include the insoluble material by colloidal 
suspension, results comparable to those on raw and quickly 
boiled milk were obtained. We have secured no data indieating 
that either the fat-soluble or the water-soluble vitamine in milk 
is. affected by heat treatment. Nor is the casein apparently 
affected. Rats fed superheated milk supplemented with ealeium 
phosphate properly incorporated made norinal growth gains. 
‘The inferior growth of rats on the long heat-treated and supers 
heated milk appears to be due wholly to the readjustments of 
the inorganic complexes, 

The appliextion of these findings to infant nutrition is now 
under investigation. 
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BIOCHEMICAL STUDIES ON MARINE ORGANISMS. 
II. THE OCCURRENCE OF ZINC. 


By MEYER BODANSKY. 


(From the Laboratory of Biological Chemistry of the School of Medicine, 
lniversity of Texas, Galveston.) 


(Received for publication, August 25, 1920.) 


Our knowledge concerning the normal occurrence of zine in 
animal tissues has been very limited until quite recently. The 
earlier investigators demonstrated that traces of zine might be 
found in toxicological analyses in the absence of poisoning by 
this metal. Raoult and Breton (1877) reported four analyses of 
human livers in which the zine content varied between 10 and 
76 me. per kilo. Lechartier and Bellamy (1877) made similar 
analyses, and in addition reported the presence of this metal in 
the muscle and liver of an ox, and in wheat, corn, barley, and 
other grains. The researches of Javillier (1908, a) established the 
widespread occurrence of zine in the plant kingdom. 

More recently, the investigations of Weitzel (1914), Rost and 
Weitzel (1919), Delezenne (1919), and Rost (1920) have contrib- 
uted toward a fuller appreciation of the significance of this prob- 
lem. Birekner (1919) estimated the zine content of a number of 
food products and, because of its constant occurrence in the 
volk of eggs as well as in cow’s and human milk, he was led to 
infer that the element zine exerts an important nutritive function. 

Marine animals are of especial interest in this respect. Brad- 
ley (1904) and Mendel and Bradley (1905) discovered zine to be 
a normal constituent of the liver and the blood of the mollusks 
Sycotypus canaliculatus and Fulgar carica. Various other marine 
animals, including some of the most common mollusks and 
(‘rustacea of the Long Island coast, were examined for zine, but, 
with the exception of Urosalpinx cinerea, no appreciable amounts 
of the element could be found. Mendel and Bradley expressed 
their belief, however, that other marine forms may contain this 
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q | element in their tissues. Phillips (1917) analyzed the mineral 
content of the tissues of certain Tortugas marine organisms and 
found zine in all except the crayfish blood. He postulated that 
: zine must be considered as a normal constituent in these forms 
P since the possibility of contamination of the sea water was ex- 
4 eluded. Recently Hiltner and Wiehmann (1919) determined the 
a : zine content of oysters from various sources and on the basis of 
i their results concluded that zine is present universally in oysters, 
or, at any rate, in those grown in Atlantic waters along the coast 
of the United States, 

The indieations are that zine is a physiological constituent of 
"a" animal and vegetable tissue and its presence in large quantities 
ef in some invertebrates may signify that it plays an important 
3 role in these forms. In view of these considerations, and because 
i of the paucity of information on this subject, it was thought 
| desirable to investigate the zine content of a fairly large number 
of marine animals, including the higher fishes, and to determine, 
if possible, the distribution of this metal in their tissues. 


EXPERIMENTAL. 


a. In the determination of zine the filtrates from the copper esti- 
i mations, previously reported by Rose and Bodansky (1920), 
were used. The zine was precipitated as the sulfide in a solution 
acid with eitric acid. The turbidimetrie procedure employed by 
Birekner (1919) was followed. The reagents used in this work 
were carefully tested for zine. That no contamination resulted 
from the glassware and other apparatus was ascertained = by 
making several blank determinations. In no instance was zine 
deteeted., 


it Phe sensitiveness and limitations of the turbidimetric com- 

on yarison are amply discussed by Birekner (1019). Since a slight 
Aa error in reading turbidities is inherent in the method, and since 
43 
Bi frequently in our work only a small portion of the total volume 

4 was taken for comparison, there is the possibility of an error 


being multiplied many times. 

In Table [I are recorded comparative data for the turbidi- 
metric method and the gravimetric procedure us emploved by 
Jamieson (1919) for the estimation of zine in gelatin. The 
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results obtained demonstrate the applicability of the method to 
the estimation of such quantities of zine as were encountered in 
our work, It should be stated that the turbidities produced by 
0.2 to 0.3 mg. of zine can be compared with the greatest degree of 
accuracy. 

Five samples of ovsters and one of clams obtained at different 
times and from different sources were all found to contain zine. 
The amount present in the ovsters varied between ISS.5 and 341.0 
me. per kilo, the average being 259.9 mg. (Table IID). These re- 
sults are in aecord with the findings of Hiltner and Wichmann 


TABLE I. 


Comparison of lhe Turhidimetric and Gravimetric Methods. 


Zine found, 


“ample No, | Zine in sample. 
method. “Turbidimetrie method. 

mi. mad. | mi}. 

10 | 0.12 

2 | 0.30 | 0.28 
| 0.50 | 0.49 
100 0 76 | 0.06 
2. 2 | 2. 
10.00 9 75 
15.00 15 4 15.50 
20 PO 54 2050 


(1919) and serve to establish the occurrence of zine not only in 
oysters grown in Atlantic waters, but in those grown in the Gulf of 
Mexico as well. It is probably safe to assume that zine ts an 
ever occurring constituent of the ovster. 

There is indeed very little information concerning the zine 
content of sea water. Dieulafait (1880) reports that the waters 
of the Mediterranean normally contain at least 2 mg. of zine ina 
cubic meter. Hiltner and Wichmann (1919) report an analysis 
of a sample of sea water taken from Great South Bay, | mile off 
shore from West Sayville, New York, in which no zine was detec- 
table in 3,500 ec. A sample of water from the Gulf of Mexico 
taken about 30 feet from the Galveston shore contained 0.0073 
mg. per kilo. This figure is considerably higher than that 


& 


TABLE II. 
_ Zine Content of Marine Animals. 
is Zine. | 
3 
Animal, = Found Remarks. 
sample.) sub- | 
| gm. | ma. ma. 
Coelenterata. | | | 
4 9 Jellyfish. 2000 2 50. 12.50 Entire animal ground. 
42 Portuguese man- 271.5 1 22) 4.50 One animal entire. 
of-war. | | | 
44 CO 1.30 16.05 Two small individuals. 
BS. Peleeypoda. 
2 Oysters. 100.0) IS S5 ISS 50 
4 100.0 34 10.341 00 
31 100.0) 27 50 275 00 
32 100.0 24 88245 S80 
37 | 100.0 25 1125110 
39 Clams. 76.6 5.90 
Crustacea. 
3 | Shrimps. 1.73 17 30 
70 193.5 25 16.80. Includes protective cov- 
5 Crabs. 100.0 2.28 22.80 ering. 
10 100.0 1.83 18 30 
Mlasmobranchit. 
4 29 Torpedo ray. 100.0 0338 3 30 Three small fish ground 
and sampled. 
16 Sting ray. O39 38 90 Entire animal ground 
and sampled. 
4s 160 38 7A One animal entire. 
Teleostomi. 
6 Mullet. 100.0 025 250 
15 O28 2.80 
17 Redfish. 100.0 O28 2.80 
21 Drumfish (voung).. S6.0 O48 
25 Whiting. 100.0 O74 7.40 
ia 30 Tarpon. 100.0 076 7.60). 
28 Yellow-tail. 910 OS8O 8 | 
22 Drumfish (older | 100.0 0.96) 9.60); 
than No, 21). | | 
18 Spotted trout. 1.02 10.207 
12 Flounder. 100.0 1.16 11.60 
27 100.0) 1.69 16.90 | 
24 Sea-eatfish, 100.0) 9.75 97.50) 
a 11 100.0 12.70 127.00 | 
47 139. 0 20.73149.10 One animal entire. 
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given by Dieulafait, and although there is no obvious contamina- 
tion due to industrial wastes, the writer hesitates to present 
this as being the normal value for sea water. It may, however, 
be taken as the maximum for the water in which these animals 
live. 

It is therefore a striking phenomenon that the oyster living in 
a water, not contaminated by industrial wastes, should contain 
in its tissues more than 35,000 times as much zine as is present 
in an equivalent weight of water. Apparently the oyster is 
capable of absorbing and retaining the zine which it obtains to a 
slight extent perhaps from the water, but mainly from its diet of 
diatoms, Infusoria, minute Crustacea, ete. 

A dialysis experiment was undertaken to determine the nature 
of the combination of zine with the tissues of the ovster. Finely 
ground oysters weighing 87.5 gm. and containing 21.97 mg. of 
zine were dialyzed through a parchment bag for 96 hours under 
aseptic conditions. The water was changed after the first 26 
hours. 10.87 mg. or 49.5 per cent of the zine were recovered in 
the dialysate. ‘The significance of this result becomes apparent 
when it is contrasted with the findings for copper obtained under 
similar conditions by Rose and Bodansky (1920). In the copper 
experiment 0.5 mg. or 12.2 per cent of the total Cu appeared in 
the dialysate. The zinc may be present far in excess of its com- 
bining power with the proteins of the tissue, or it may exist in 
part in a loosely combined state which is disintegrated during 
dialysis. 

In order to determine the distribution of zine in the oyster, 
525 gm. were introduced into 10 per cent formaldehyde solution for 
24 hours and dissected into four fractions: (a) digestive glands or 
hepatopancreases, (b) mantles, (c¢) adductor muscles, and (d) 
other parts including the gills which we have called the “ resi- 
due.”’ The formaldehyde solution was analyzed separately. This 
experiment was later repeated on 300 gm. of oysters without the 
formaldehyde treatment. ‘The results are summarized in Tables 
Ill and IV. As will be observed the zine is distributed rather 
evenly in the digestive organ, mantle, and gills. The zine content 
of the muscle is considerably lower than that of the other tissues. 
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TABLE IIT. 


Distribution of Zine in Ousters, Hardened in 10 Per cent Formaldehyde for 24 
Hrs. Previous to Dissection. 


Z 
Fraction. Weight 
Found in In 1.000 gon 
sill ple tissue 
mid. 
Digestive glands......... 237 50 
NIusele... 70.3 11.25 lew) 
Residue’... 0 OO 4 
Formaldehyde extract.......... 6 50 


525 gm. of oysters were dissected. The difference of 27 gm. repre- 


sents the water which passed into the formaldehyde and that which was 


* 


lost during the dissection. 
* Caleulated on the basis of 525 gm., this is equivalent to 247.8 mg. of 
zine per kilo, 


TABLE IV 


Distribution of Zine in Cduste Dissected without Previous Formalde hude 
Treatment. 


Zire 
Fraction Weight 
bound in In 1,000 gin. 
Tissue, 
rie) mo 
Digestive glands 7 11 10 OO 
Mantles... S10 IN SO 
‘Residue’... . 0 19 


* 500 gm. of ovsters were dissected. The difference of IS.S gm. repre- 
sents the water which was lost during the disseetion, 

* Caleulated on the basis of 300 gm... this is equivalent to 173.1 mg. of 
zine per kilo. 


The two calenterates examined, the jellyfish, Aurelia, and the 
Portuguese man-of-war, Physalia, contamed from 4.50 to 16.05 
mg. of zine per kilo of moist tissue. 
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Analyses were made of two species of Crustacea, the crab and 
the shrimp. The meats and hulls of 200 gm. of slirimps were 
analyzed separately. The meats weighing LO4.5 gm. contained 
1.40 me. of zine: the hulls weighing S9.0 gm. contained 1.85 mg. 
of zine. In terms of mg. per kilo of tissue, the meats and hulls 
had 13.5 and 20.8, respectively. 6.5 gm. of water were lost in 
separating the hulls from the meats. 

Fourteen species of fish including two eclasmobranchs, the 
torpedo ray and the sting ray, were analyzed. Zine was found 
in all, and the amount varied between 2.5 me. per kilo in the 
mullet and 149.1 mg. in the eatfish. The catfish holds a unique 
position among the teleosts examined, in that its content of zine 
is entirely out of proportion to that, found in any other species. 
In an extensive research, Delezenne (1919) established the oceur- 
rence of large quantities of zine in the venom of snakes. The 
‘atfishes S7lurida possess poison glands opening on the spine of 
the pectoral fin (Parker and Haswell, 1897). preliminary 
experiments to determine the réle, if amy, of zine in the eatfish, 
the possibilitv of the high zine content being in some way asso- 
ciated with the poison glands was not overlooked. The fins 
including the poison glands of two small catfish were analyzed 
separately from the remaining tissue. The fins, weighing 14 gm. 
contained only 0.0667 mg. of zine, or 4.76 per kilo. The remain- 
ing tissue, weighing 125 em., contained 20.67 me. of zine, or 
165.56 mg. per kilo. No information concerning the role of zine 
in the catfish is adduced from this experiment. 

Whether the presence of comparable quantities of zine is ehar- 
acteristic of other Species of catfish remains to be determined. 
Although there is the possibility that in this species zine may 
have a special and vet undetermined function, it is probable that 
the high zine content is due o the peculiar feeding habits of the 
animal. Investigations have shown that mollusks constitute an 
important article of the food tor the catfish (Nendall, LOLO). 
Attention should be called to the fact that, whereas the eatfish is 
high in zine, only traces of copper have been detected in the 
individuals thus far examined by Rose and Bodansky (1920), 

The constant oceurrence of zine in every species analyzed indi- 
cates that it is a physiological constituent of the tissues of marine 
animals. With the exception of the catfish, the amounts vary 
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between 2.5 and 16.9 mg. per kilo in the teleosts, being con- 
siderably higher than the figures previously reported for copper. 
The presence of zine in these proportions is not limited, however, 
to marine animals, for various articles of food contain comparable 
quantities of this element, and much larger amounts may be 


a present in the tissues of terrestrial vertebrates (Rost, 1920). 
se Mendel and Bradley (1906-07) showed that zine in Sycotypus 
. canaliculatus is an essential constituent of the respiratory protein 
an which they named ‘‘hemosycotypin,” and which is analagous to 


the hemoecyanins. In the oyster and the clam zine may possibly 
have a similar function. In other marine animals, however, the 
biological significance of zine is less apparent or entirely obscure. 

The favorable stimulatory influence of minute quantities of 
zinc on the growth of Aspergillus niger was observed by Raulin 
(1870). Javillier (1907, 1908) confirmed and extended Raulin’s 
work and demonstrated (1912) that in the growth of Sterzgma- 
tocystis nigra no other element could replace zinc. Cadmium 
alone produced measurable stimulatory effects, and since this 
element bears many chemical resemblances to zine, Javillier 
justly concludes that the physiologieal action of zine is specific. 


P| The specificity and similarity in behavior of Zn and Cd tons on 
‘a the enzymatic activity of veast have been reported by Kostychev 


and Zubkova (1916). Delezenne (1919) also associates zine 
with the activity of enzymes. Significant as these results are, no 
generalizations can be made concerning the rédle of zine in the 
tissues of marine vertebrates until more information becomes 
available. 


SUMMARY. 


1. Zine has been found and quantitatively determined in 
twenty species of marine animals, The constancy of its oceur- 
rence indicates that if is a normal constituent of the tissues of 


these forms. 

2. In the ovster zine is distributed rather umiformly in the 
digestive organ, mantle, and gills, but the muscle contains less 
zine than do the other tissues. 

3. On dialysis of finely ground oysters for 96 hours, 49.5 per 
cent of the zine was recovered in the dialysate. The zine may be 
present in excess of its combining power with the proteins of the 
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tissue, or it may exist in part in a loosely combined state which 
is disintegrated during dialysis. 


In conclusion the writer wishes to express his indebtedness to 
Professor William C. Rose of this Laboratory at whose suggestion 
and under whose guidance this work was done. 
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ESTIMATION OF THE PHENOLIC SUBSTANCES IN 
URINE. 


By FREDERICK F. TISDALL. 


(From the Department of Pediatrics, Johns Hopkins University, Baltimore.) 
(Received for publication, August 19, 1920.) 


In the present paper is presented a review of the literature on 
which is founded our knowledge of the phenolic substances in 
the urine. a survey of the various methods for determining the 
amount of volatile phenols in the urine, and an investigation of 
Folin and Denis’ colorimetric method for the estimation of the 
total phenolic substances (1). 

There is some confusion in the literature as to the meaning con- 
veyed by the word phenol. In the older literature the word was 
used as meaning volatile phenols, but since the appearance of 
Folin and Denis’ method it has been largely used to designate all 
the phenolic substances. These include volatile and non-volatile 
phenols and aromatic oxy-acids. The former are a group of 
compounds characterized by a benzene ring in which one or more 
of the hvdrogen atoms have been replaced by a hydroxy! group, 
to which they owe their specific character. The latter, the aro- 
matic oxy-acids, have a carboxyl group in addition to the benzene 


ring and free hydroxyl group. In this paper the term phenol: 


will be restricted to the compound having the formula C.sH;OH. 
The aromatic oxy-acids usually found in urine are p-oxypheny!l- 
propionic acid (hydro-p-cumari¢c acid), p-oxyphenylacetic acid, 
and p-oxybenzoic acid; the volatile phenols are p-cresol and 
phenol; and there may be normally present one non-volatile 
phenol, pyrocatechin. All these substances have their origin 
from the amino-acid tyrosine.! 


‘From the chemical standpoint tyrosine might very properly be 
regarded as belonging to the phenolic group of substances, but from the 
metabolic standpoint it is preferable that it should not be included in this 
group. There may also be other compounds in the urine which are pro- 
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p-Oxy phenylpropionic 


p-Oxyphenylacetiec 


Tyrosine. acid, acid, 
Obi Ol 
CH, CH, CH, 
CHNH, CH, COOTL 
COOH COOH 
p-Cresol. p-Oxybenzoie acid, Phenol, 
Ol OH 
CH, COOH 
Pyrocatechin. 
Ol 


OH 


Volatile Phenols. 


Phenol was first discovered in horse, cow, and human urine by 
Stideler (3) in 1851.2 He identified phenol and a substance 
which he called ‘“‘Taurylsaure’’ which was later shown to be 


duced during the metabolism of tyrosine by the body, which could prop- 
erly be included as phenolic compounds. ‘This is certainly the case in the 
abnormal condition of alkaptonuria, in which homogentisie acid is pro- 
duced. These compounds have been regarded by most writers from the 
metabolic standpoint and not considered as phenolic bodies. Folin and 
Denis (2) in a brief review of the literature state ‘‘Weyl . . . . suc- 
ceeded in showing that putrefactive bacteria . produce large quan- 
tities of phenols from tyrosine,’’ and also in considering the phenolic 
substances in urine they say ‘‘The most important phenol quantitatively 
is in fact paracresol. In addition there is in urine some orthocresol and 
at least two dioxy! benzenes namely pyrocatechin and hydroquinone as well 
as some aromatic oxy acids, particularly paraoxybenzoic acid.’’ 

2 ‘Ganz besonders uberraschend war aber das Auftreten der Phenyl- 
saure (Carbolsaure) die ich nicht allein im Harn der Herbivoren sondern 
auch in Menschenharn aufgefunden habe.’’ 
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p-cresol. In 1867 Schultzen and Naunyn (4) demonstrated the 
presence of phenol in human urine after giving large doses of 
benzene but were unable to show its presence in normal urine. 
Although Stiideler had shown in 1851 that phenol was present in 
normal human urine, the credit for this discovery has been gen- 
erally given to Landolt (5) who in 1871 proved its presence, using 
a comparatively small quantity of urine. 

The volatile phenols in human urine were shown by Brieger (6) 
to be largely p-cresol and a small amount of phenol. oCresol 
was not isolated directly but its presence was inferred from the 
finding of a smali quantity of salicylic acid which is an oxidation 
product of o-cresol. The occurrence of o-cresol in human urine 
is very doubtful as Baumann (7) proved that the above evidence 
was not conclusive. : 

Stiideler obtained phenol from urine by distilling with sulfuric 
acid and concluded that it was present in the free state. Buli- 
ginsky (8) found no free volatile phenol on distilling fresh horse 
urine, but obtained a large quantity on distilling after the addi- 
tion of a dilute mineral acid. Hoppe-Seyler (9) confirmed Buli- 
ginsky’s findings and hence it was concluded that there was a 
phenol-forming substance in the urine which liberated the volatile 
phenols on heating with mineral acids. 

Further knowledge of the phenol-forming substance was not 
obtained until 1876. In 1876 Baumann (10) showed that after 
precipitating all the sulfates in the urine a second amount was 
obtained by heating the urine with concentrated HCl. He desig- 
nated these sulfates as “paired sulfuric acid”’ (ethereal sulfates). 
He (11) noted that the urine of patients who had been exposed to 
earbolie acid gave little or no volatile phenols on simple distilla- 
tion but a large quantity was obtained on distilling after the 
addition of HCl. At the same time he found a marked increase 
in the ethereal sulfates and concluded from this that the volatile 
phenols were bound with sulfuric acid. He verified his con- 
clusions by isolating from the urine the potassium salt of the 
phenol sulfurie ester. 

Baumann also investigated the origin of the phenol sulfuric 
ester in the body (11). He obtained from the liver of a dog 
which had been poisoned with carbolic acid nineteen times more 
phenol than in a similar quantity of blood. He also observed 
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that the quantity of sulfates in the liver was not sufficient to have 
united with all the phenol found and concluded that there was a 
second phenol-forming subtance. This was later shown by 
Schmiedeberg (12) to be the ester phenol glucuronic acid. 

The source of the volatile phenols was not known for a long 
time. It was assumed on account of their abundance in the 
urine of herbiverous animals that thev arose from plant food. 
Schultzen and Naunyn (4) and Jater Munk (13) had also demon- 
strated that phenol could be formed in the body by the oxidation 
of benzene. Baumann (14) inferred from the observation that 
volatile phenols were found in the urine of animals which had 
heen fed on an exclusive meat diet that they did not have their 
origin from plant food but from protein. He then demonstrated 
the formation of a considerable quantity of phenol in the putre- 
faction of protein with pancreas and also made the interesting 
observation that phenol did not oceur in any quantity until 
about the 6th dav. He assumed from this that the phenol was 
not formed directly from protein but was a secondary or further 
decomposition product. It was later shown by Baumann and 
Brieger (15) that the volatile phenols formed by the putrefaction 
of protein were largely p-cresol and a small quantity of phenol. 
The presence of o-cresol was inferred from the finding of a small 
quantity of salicylic acid. Shortly after this Weyl (16) demon- 
strated the formation of p-cresol and phenol in the direct putre- 
faction of tyrosine. Brieger (17) had already found volatile 
phenols in feces and intestinal contents. 

A further survey of the literature shows very clearly that none 
or only a trace of the volatile phenols is produced by the body, 
outside of the intestinal canal, except in certain diseases such as 
empyema, ervsipelas, pyemia, putrid bronchitis, gangrene, ete. 
(IS, 19). A discussion of this aspect of phenol metabolism will 
not. be gone into beyond calling attention to the experiment. of 
Baumann (20) in which he gave a fasting dog calomel and found 
that the volatile phenols disappeared from the urine; and also 
to a case, which he records (20), in which the urine of a patient 
who was suffering from an intestinal fistula showed only a trace 
of volatile phenols. In a similar case Ewald (21) found no vola- 
tile phenols in the urine but they appeared again after the fistula 
was closed. 
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The evidence is thus complete that volatile phenols in human 
urine have their origin in the putrefaction of tyrosine in the 
intestinal canal. They are then absorbed and conjugated in the 
body with sulfuric and glucuronic acid to be exereted in the 
urine as conjugated volatile phenols. 


Non-Volatile Phenols. 


Pyrocatechin.- Vhe only non-volatile phenol that has been 
found in normal human urine is pvrocatechin (brenzeateechin). 
Iebstein and Miller (22) first demonstrated its presence in the 
urine of a healthy child in L875. Baumann (23) showed that it 
Was a constant constituent of horse urine. He also found a small 
quantity, the amount varving from day to day, in the urine of a 
healthy 12 vear boy (23) and from this and other observations 
concluded that pyrocatechin was a frequent, if not a normal, 
eonstituent of human urine. 

Baumann and Preusse (24) demonstrated that pvrocatechin 
was formed by the oxidation of phenol, and after giving a dog 
large quantities of phenol found that the pyrocatechin in the urine 
was excreted entirely in the conjugated state. The formation of 
pyroeatechin from phenol is thus seen to be analogous to the 
oxidation of benzene to phenol. It is of interest to note that 
Nencki and Giacosa (25) were able to demonstrate the presence of 
both phenol and pyrocatechin in the urine of a man who was 
receiving daily 6 gem. of benzene. 

Hydroquinone.— Uydroquinone has not been found in normal 
human urine. Nencki and Giacosa were able to show the presence 
of a small quantity in the urine of the above mentioned case. 
Baumann and Preusse (24) obtained over | gm. of hydroquinone 
in 6 days from the urine of a dog, to which phenol was given, it 
heing present entirely in the conjugated state. 


Aromatic Oxy-Acids, 


p-Oxyphenylpropionie Acid. Baumann observed that the 
putrefaction of protein phenol did not appear until about the 
6th day and concluded from this that it was not formed directly 
from protein but through intermediate products. At the end of 
2 days in the putrefaetion of tvrosine he obtained by ether extrae- 
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tion a substance which he identified as p-oxyphenylpropionic acid 
(26). As an evidence of the amount of p-oxyphenylpropionic 
acid that could be obtained in this manner he isolated 12 em. of 
the pure acid from 20 gm. of tyrosine (27). He also obtained the 
pure crystals from 0.5 liter of pus from a case of peritonitis (28). 

The fate of p-oxyphenylpropionic acid in the body was investi- 
gated (27). 5 gm. of pure acid were given to a man and the 
urine for the following day was found to contain an increased 
amount of volatile phenols and about 0.8 gm. of the p-oxvphenyl- 
propionic acid. It was thus shown that on feeding p-oxvphenvl- 
propionic acid a large part disappeared in the organism, some 
was exereted unchanged, and a smaller part was excrtted as 
volatile phenols. Its presence in normal urine was demonstrated 
by Baumann (28) when he isolated the pure crystals from 240 
liters of urine. 

p-Oxyphenylacetic Acid.—p-Oxyphenylacetic acid was found 
in the putrefactive products of serum albumin by Salkowski (29). 
It was first found in normal urine by Baumann (27) and later he 
isolated from the above mentioned 240 liters of urine 2 gm. of 
the pure acid. As Baumann did not find p-oxyphenylacetic acid 
in demonstrable quantities after feeding p-oxyphenylpropionic 
acid (27) he coneluded that it was probably formed directly from 
tyrosine by splitting off CO. and NH3. However, shortly after 
this he showed the putrefactive products of p-oxyphenylpropionic 
acid to be p-oxyphenylacetic acid, p-cresol, and phenol (28) and 
concluded that p-oxyphenylacetie acid could originate from both 
tyrosine and the p-oxyphenylpropionic acid. Weyl (30) demon- 
strated that the putrefaction of p-oxyphenylacetic acid in turn 
produced p-cresol. 

p-Oxybenzoic Acid.—p-Oxybenzoic acid was shown by Bau- 
mann (7) to be formed from p-cresol. A dog was given | to 2 
gm. of p-cresol daily, and from the urine pure crystals of p-oxy- 
benzoic acid were obtained. After feeding 12 gm. of p-cresol, 1 
gm. of pure p-oxybenzoie acid was isolated. The administration of 
4 gm. of p-oxybenzoie acid produced a considerable increase in the 
amount of phenol in the urine. The direct production of phenol 
and CO. in the putrefaction of p-oxybenzoic acid had already been 
shown by Baumann (14). 
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Oxymandelic Acid and Gallic Acid.—There are two other aro- 
matic oxy-acids that should be mentioned, oxymandelic acid and 
gallic acid. Sehultzen and Riess (31): first demonstrated the 
presence of the former acid along with leucine and tyrosine in 
the urine of cases of acute vellow atrophy. It has not been 
found in normal urine. Galle acid is sometimes found in con- 
siderable quantities in horse urine and is assumed to he a constit- 
uent of the food and not produced in the body (32). Its oceur- 
renee in human urine is doubtful. 


Bv the above work it has been proved that p-oxyphenylpro- . 


pionie acid originates from tyrosine and in turn forms p-oxy- 
phenvlacetic acid; p-oxyphenylacetic acid originates from 
p-phenylpropionic acid or directly from tyrosine and in turn 
produces p-cresol; and p-oxybenzoie acid is an intermediate pro- 
duct in formation of phenol from p-cresol. 

The aromatic oxy-acids differ in two important respects from 
the volatile and non-volatile phenols. The first is that they do 
not produce any toxie effects even in large doses. ‘This has been 
repeatedly shown throughout Baumann’s experiments. The 
second is that they are largely excreted in the free state (28) 
while the volatile and non-volatile phenols have been shown to 
occur almost entirely in the conjugated form. 


Methods for Estimating the Volatile Phenols. 


Before 1871 no quantitative estimations of the volatile phenols 
were made. Their presence was demonstrated either by actually 
isolating them or by obtaining a dark violet color with phenol 
and a blue color with p-cresol, on the addition of ferric chloride. 
In 1871 Landolt (5) estimated the volatile phenols gravimetri- 
cally as tribromophenol. The earliest recorded figures by this 
method for the quantity of volatile phenols in human urine are 
those given by Munk (33). He found from 17 to 51 mg. per 
day. 

Koppeschaar (34) in 1876 devised the first titration method 
which consisted in adding to the mixture to be estimated a known 
excess of bromic acid and alkaline bromide which on the addition 
of HCI furnished a definite amount of free bromine. This united 
with phenol to form tribromophenol (or tribromophenolbrom). 
The amount of bromine used was determined by adding potas- 
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sium iodide, the potassium uniting with the remaining free 
bromine and liberating iodine which was titrated with thiosul- 
fate. This method was shown by Wossler and Penny (35) to be 
very inaccurate for the estimation of p-cresol, the bromine taking 
considerable time to unite with the » cresol and then gradually 
going on to form a tetrabromocresol. On account of this defect 
the method was of little use in estimating the volatile phenols in 
urine. 

Messinger and Vortmann (36) in ISS9 devised an iodine titra- 
tion method which has remained the basis of all future titration 
methods. The procedure is as follows: An alkaline’ phenol 
‘or p-cresol) solution is warmed to about 60° and to it is added a 
known amount of 0.1 N iodine solution. The iodine unites with 
the phenol to form triiodophenol. The solution is then cooled, 
acidified with dilute HoSO,, and the excess of iodine titrated with 
0.1 N sodium thiosulfate. 

In 1893 Kossler and Penny (35) using Messinger and Vort- 
mann’s principle of iodine titration devised a method for estimat- 
ing the volatile phenols in urine. As acetone reacts with iodine 
it was necessary to remove it and this was accomplished by 
making the urine slightly alkaline and evaporating to one-fifth 
the original volbime. <All former investigations had shown that 
the volatile phenols occurred in the conjugated form so H.SO, 
was added and the mixture heated, with repeated additions of 
water, until all the volatile phenols were distilled over. Other 
interfering substances in the distillate, such as ammonia, formic 
acid, and nitrous acid, were removed by the addition of caleiun 
carbonate, and the volatile phenols again distilled. This second 
distillate was made alkaline with 10 per cent NaOH warmed to 
HO> and on cooling the excess of iodine was titrated with sodium 
thiosulfate. The amount of volatile phenols found by this 
method in normal human urine was from 70 to 106 mg. per day. 

After being used for some vears it was found that NKossler and 
Penny’s method gave exceedingly high results with urine from 
diabeties. The reason for this was investigated by Neuberg (37) 
who showed that the high results obtained by Kossler and Penny’s 
method were due to the formation of ketone or aldehyde bodies 
formed in heating the urine containing sugar with H.SO, He 
overcame this diffeulty by precipitating the volatile phenols in 
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the first distillate as lead phenolate (and lead cresolate). The 
mixture was then heated and the interfering substances which 
were volatile escaped. Dilute H,SO, was added to the basie 
lead phenolate and the second distillation and titration were 
earried out according to Kossler and Penny’s method. In three 
eases the amounts of volatile phenols found by this method in 
human urine were $2, 35, and 52 mg. per day. 

In 1909 Mooser (38) demonstrated that the distillation of 
urine with HLSQO, as carried out in the former methods, while not 
affecting phenol, destroved from 20 to 30 per cent of the p-cresol 
present. He overeame this diffeulty by using in place of H.SO, 
an equal amount of SS per cent phosphoric acid which did not 
destroy the p-cresol. Phosphorie acid also had the added advan- 
tage of not forming any interfering bodies with substances present 
in the urine and this obviated the necessity of precipitating the 
volatile phenols as Jead phenolate. Mooser also found that 
during the second distillation with calcium carbonate some of 
both the phenol and p-cresol were lost. He overcame this diffi- 
eulty by passing CO. through the solution. With these modifi- 
eations the original Kossler and Penny method was carried out 
and correct values were obtained on known solutions of p-cresol 
and phenol. The amounts of volatfle phenols found by Mooser 
in the urine of normal adults were 53, 39, 48, and 36 mg. per day. 

The estimation of the volatile phenols has thus been shown to 
be fraught with difficulties. These difficulties were thought to 
have been overcome by the method as outlined by Mooser but 
the following vear Neuberg and Hildesheimer (39) claimed that 
the distillation of urine, containing glucose or other carbohv- 
drates, with 85 per cent phosphoric acid did form interfering 
substances. Thus the question of the estimation of volatile 
phenols was again in an unsettled state. 

In 1912 Hensel (40) repeated Neuberg and Hildesheimer’s 
experiments of distilling, with phosphoric acid, solutions contain- 
ing glucose and /-arabinose, and obtained no 1odine-binding sub- 
stance. An ether extraction method was devised which consisted 
in extracting the volatile phenols from the first distillate by shak- 
ing with ether and then extracting from the ether with NaOH. 
lodine was added to this solution and the excess titrated. The 
results recorded by Hensel were similar to those found by Mooser. 
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A colorimetric method was devised in 1898 by Bordas and 
Robin (41), which depended on the conversion of phenol into 
ummonium picrate. ‘The color developed was compared with 
that given by a known amount of phenol. The standard was 
prepared by adding 5 mg. of phenol to 10 cc. of water. To this 
| ec. of a saturated solution of potassium nitrate and 2 cc. of 
concentrated HLSO, were added. ‘The solution was warmed on 
the water bath for 10 minutes, then saturated with NHs, and 
diluted to 200 ce. From 1 to 10 ce. of this were taken and diluted 
to 50 ec., depending on the amount of phenol present in the 
unknown solution. ‘The estimation of the volatile phenols was 
made by distilling the urine with H.SO, until it was half its 
original volume. A measured portion of the distillate was taken 
and treated in the manner outlined for the standard solution. 
The color produced was compared to that produced by the known 
amount of phenol. 

Another colorimetric method is also described by the same 
authors but they do not give any results obtained by either 
method. 


Folin and Denis’ Colorimetric Method. ~ 


This method is essentially different from the former methods in 
that it estimates not only the volatile phenols but also the non- 
toxic aromatie oxy-acids and any non-volatile phenols that may 
be present in the urine. Accordingly it is of little value to com- 
pare the results obtained, which are supposed to be a measure of 
the total phenolic substances with the figures recorded in the 
literature for the volatile phenols. 

In 1912 Folin and Denis (42) described their phosphotungstic- 
phosphomolybdiec reagent, the addition of which to a solution 
containing phenol in the presence of sodium carbonate. develops 
an intense blue color. What the chemical combination is which 
produces this color has not been explained. The volatile phenols 
are not the only substances which cause the reaction as the blue 
color is also developed by the non-volatile phenols, the aromatic 
oxy-acids, tyrosine, protein, uric acid, and, as more recently shown 
by Folin and Wu (43), cuprous oxide. In the case of the phenolic 
substances the color is apparently due to the free hydroxy! group 
as no color is developed with the conjugated phenolic substances 
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in which this group is united with sulfurie or glucuronic acid. 
Qn heating with HC] this union is broken down and the liberated 
phenolic substance will, of course, give the characteristic reaction. 

Using this ‘‘phenol reagent” Folin and Denis devised their 
colorimetric method for the determination of the “total phenolie 
substances in the urine.’”” The procedure is as follows: 10 ec. of 
urine are placed in a 50 ee. flask, silver lactate and colloidal iron 
are added, and the flask is filled to the mark. By this means 
uric acid and traces of protein which give a blue color with the 
reagent are removed. ‘The contents are filtered, 25 ce. of the 
filtrate transferred to a 50 ce. flask, and sodium chloride is added 
to precipitate the excess of silver. The flask is filled to the mark 
and the contents are agaim filtered. The free phenols are deter- 
mined by taking 20 cc. of this filtrate in a volumetric flask and 
adding sodium carbonate and the reagent. The blue color 
developed is compared with that given by a standard solution of 
phenol. The total phenols are determined by transferring a 
second 20 ce. of the filtrate to a large test-tube and adding 10 
drops of concentrated HCl. The test-tube is covered with a 
small funnel and the mixture heated to boiling over a free flame 
and then placed in boiling water for 10 minutes. After cooling, 
the filtrate is treated as in the determination of the free phenols 
and the result obtained is a measure of the free plus conjugated 
phenolic substances. With normal adults the values given by 
Folin and Denis* for the free phenolic substances varies from 170 
to 290 mg. per day and the total from 290 to 480 mg. per day.‘ 

During the past vear a great number of determinations had 
been made by the Folin and Denis method in this laboratory on 
the urine of infants and children and it was thought desirable to 
investigate the direct production of these substances by various 
bacteria. An obstacle was immediately encountered in the fact 
that tyrosine also reacts with the phenol reagent. In the effort 
to devise a method of separating the phenolic substances from 
tyrosine it was found that p-oxybenzoic acid, p-cresol, and phenol 
could be quantitatively recovered from an aqueous solution by 


® Folin and Denis (2), pp. 313, 316, 318. 
* Considerable work has been done by Dubin (44) on the elimination of 
phenolic substances in the urine of animals using the Folin and Denis 
method. 
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shaking with two or more times its volume of ether and then 
extracting from the ether with LO per cent NaOH. The NaOH 
was neutralized and the phenolic substances were estimated by 
the addition of sodium carbonate and the phenol reagent. This 
procedure was then tried out on urine and the results obtained 
(Table 1) were so much lower than those by the Folin and Denis 
method that the reason for this was investigated. 

It is primarily necessary to demonstrate that in the determina- 
tions made by the ether extraction method all the phenolic sub- 
stances are quantitatively extracted and not destroved during 
this and the subsequent treatment. 


TABLE I. 
Estimation of Phenolic Substances in Urine by Folin and Denis’ Method and 
hy Ether Extraction. 


= 
Free phenolic substances. Total phenolic substances 
24hr. | 
Reaction teaction | 
a Folin and Ether at |Folinand Ether 
which eXx- Denis’ extraction whichex- Denis’ extraction 
tractions method method. tractions method. method. 
were made. were made. 
cc. pH my. mo. pH mid. mig. 
T 5.6 210 38S 151 
J. 4.8 16S 250 117 
W. S30 5.6 227 340 167 
730 3.6 76 ] 340 145 


Tyrosine and uric acid are insoluble in ether, therefore the 
extractions may be made directly on the urine. The procedure 
is as follows: 5 cc. of urine are shaken for 5 minutes with 100 ee. of 
ether. The urine is separated and two more extractions are made 
using 50 ec. of ether each time. The 200 ec. of ether are shaken 
for 5 minutes with 20 cc. of 10 per cent NaOH, separated, and the 
sodium hydroxide solution is neutralized and made slightly acid 
with concentrated HCl. Sodium carbonate and the phenol 
reagent are then added and the color produced is compared with 
a standard phenol solution. 

All the phenolic substances in the urine are many times more 
soluble in ether than in water and if present in the urine in their 
free state and not combined with other substances would be 
readily extracted by the relatively large amount of ether used. 
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That practically all the free phenolic substances are extracted is 
shown by making a fourth extraction on the 5 ce. of urine and 
after the subsequent shaking with NaOH only a barely perceptible 
color is developed on the addition of the reagent. Anderson (45) 
has called attention to the difhleultv of completely removing 
p-cresol from ether by extraction with NaOH. That this diffi- 
culty does not exist when working with verv small quantities is 
shown by making a second extraction on the 200 ce. of ether with 
10 per cent NaOH and on adding the phenol reagent to it no 
color is produced. 

It is seen that the removal of the phenolic substances from 
ether depends on converting them into their sodium salts which 
are insoluble in ether; therefore if these substances were present 
in the urine in fhe form of salts they would not be extracted. A 
survey of the he operties of the phenolte substances soon shows 
that with the degree of acidity at which the extractions were 
made these substances would be present in their free state. At 
pH 6 all the volatile phenols would be tree because sodium pheno- 
late is largely hydrolyzed into sodium hvdroxide and phenol even 
in a slightly alkaline solution. The question of the oxy-acids, 
however, is a different one as on account of their carboxyl group 
thev behave as much stronger acids than phenol. That thev are 


completely extracted at pH 6 is shown by the following experiment. 


Two equivalents of NaOH were added to p-oxybenzoie acid (Nahlbaum). 
The resulting solution had a pH cf S*. 5 ce. of this solution were brought 
to pH 7.4 and shaken for 5 minutes with 100 ce. of ether, and the ether was 
separated and shaken for 5 minutes with a 20 per cent solution of sodium 
carbonate. On the addition of the phenol reagent no color was obtained. 
This procedure was then repeated on a second 5 ec. of the sodium oxyben- 
zoate solution which had been brought to pH 6.4, and on the addition of the 
reagent a marked blue color developed, which accounted for all the p-oxv- 
henzoie acid in the solution. 


There is also the possibility of actual free phenolic substances 
not being extracted by ether by virtue of some loose chemical 
combination in the urine or a possible adsorption with colloidal 
material. This is very improbable, however. and could not 
possibly account for the great difference obtained by the two 


methods. 
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The phenolic substances are not destroyed by the ether extrac- 
tion and the subsequent steps of this method. This has already 
been shown in aqueous solutions with p-oxybenzoic acid, p-cresol, 
and phenol. If 5 ce. of urine after being used for the extraction 
with ether are treated by Folin and Denis’ method, the amount 
of the so called phenolic substances obtained plus the amount 
obtained by ether extraction is only from 5 to 10 per cent less 
than that obtained on the urine directly. In view of the amount 
of manipulation these results correspond very closely and show 
that the phenolic substances are not destroved. 

Folin and Denis* explained the high results obtained by their 
method as due to the elimination of ‘ta preliminary (necessarily 
imperfect) separation by [ether] extracggn or distillation as has 
been the case in all the methods hitherto available.” They con- 
clude that the large amount of free phenol exerc~—1 after benzene 
has been given is “an mteresting and probably convineing proof 
that the phenols formed within the body are in fact eliminated as 
free phenols.” The methods of WKossler and Penny, Neuberg, 
Mooser, ete. require a preliminary evaporation of the faintly 
alkaline urine to one-fifth its original volumeN Folin and Denis 
demonstrated that in an aqueous solution phenol and p-cresol are 
largely destroved by evaporation for 1 hour after the addition of 
1 drop of 10 per cent NaOH. Hence the presumed discrepaney 
between the higher results obtained by Folin and Denis and 
those of the older investigators. 

Kossler and Penny’s method was devised in 1893 and during 
the 42 vears previous to this it was demonstrated time and again 
that only a trace of volatile phenols was present in the free state. 
It is of interest to note the results obtained by Munk in 1876 
after giving benzene to an adult and estimating the volatile 
phenols by Landolt’s method. The total urine for the day was 
distilled without acidifying on the sand bath. On the addition of 
bromine water to the distillate only a trace of volatile phenols 
was demonstrated. The total urine was again distilled after the 
addition of H.SO, and on then adding bromine water to the dis- 
tillate 101 mg. of tribromophenol were obtained. On repeating 
this experiment Folin and Denis found by their method that 
“there was an unmistakable increase in the elimination of the 
free as well as the conjugated phenols.” 
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That the volatile phenols (and traces of non-volatile phenols) 
are only excreted in very small quantities in the free state in 
normal human urine is shown by the following experiments. 


250 cc. of fresh urine were made alkaline (pll 7.4) by the addition of 
10 per cent NaOH. The amount of alkali required in four different speci- 
mens were 5, 2, 2.7, and 3.6 ce. The urine was placed on the steam bath 
and evaporated to 50 ce. required from hours. was then 
made up to its original volume with water and the phenolic substances 
were estimated by Folin and Denis’ method. The results obtained were 
invariably found to be the same as before evaporation. Folin and Denis 
demonstrated that free volatile phenols were largely destroyed by this 
treatment. 

240 ce. of fresh urine were placed in a liter Kjeldahl! flask and gently 
distilled for 4 hours. To a portion of the distillate were added sodium 
carbonate and the phenol reagent and the resulting co'or was read in the 
colorimeter. ‘The free volatile phenols found in two different 24 hour 
specimens were 2.6and 1.2mg. To another 250 ec. of urine from one of the 
above specimens were added 2 mg. of phenol and the distillation was ear- 
ried out under the same conditions. The amount of phenol reeovered in 
the distillate in addition to the amount already found was 1.74 mg. or S7 
per cent. The acidity of both urines was greater than pl 6. 

Duplicate samples of urine were extracted with ether. To one extract 
were added 20 ec. of 20 per cent sodium earbonate and to the other 20 ce. 
of 10 per cent NaOH. The difference in the amount of eolor developed is a 
mensure of the free volatile phenols present. The results obtained on five 
normal urines from adults (Table II) show that with the exception of one 
determination there was only a small amount of free volatile phenols 
present. 


If ether contains aromatic oxy-acids, and volatile and non-vola- 
tile phenols, the addition of NaOH removes all these substances, 
but if sodium carbonate is added in place of the NaOH only the 
oxy-acids are removed. It is thereby possible to estimate the 
amount of volatile and non-volatile phenols in urine. 

All the urine in the above determinations was preserved with 
a slight amount of chloroform and used immediately on comple- 
tion of the 24 hour period. This is necessary as the free oxy-acids 
are rapidly converted into free p-cresol and phenol if the urine is 
allowed to stand. In this regard it is rather interesting to find, 
in confirmation of Baumann’s work, that at the end of 5 or 6 
days there are no free oxy-acids in the urine and their place is 
largely taken by the volatile phenols. 
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These three experiments prove conclusively that the volatile 
phenols are present in the urine largely in the conjugated form = in 
contradiction to the results obtained by the Folin and Denis 
method, 

It is of interest to estimate the total amount of volatile phenols 
in the urine by direct ether extraction and compare the results 
obtained with those recorded in the literature. The ‘*decon- 
jJugation” was carried out exactly as outlined in Folin and Denis’ 
method. The addition of the HC) brought the pH to about 1. 
The extraction may be carried out on the urine directly or on 
Folin and Denis’ second filtrate. The latter procedure is the 
preferable one as the solution does not tend to adhere to the 
sides of the separatory funnel. The results obtaimed (Table LD) 
are seen to have almost the identical range as those obtained by 
Alooser. 

There are two sources of error in these determinations of the 
total volatile phenols. The first error is that some of the p-cresol 
is lost in the heating necessary for the liberation from the sulfurie 
and glucuronic acids. If p-eresol in amounts varving from 0.1 
to 0.5 mg. is added to the solution being heated, it is found that 
about 25 per cent is not recovered. When phenol is added it is 
all recovered. As the amount of p-cresol in human urine is over 
50 per cent of the volatile phenols this error could then be regarded 
as from 10 to 15 per cent, but, as the p-cresol is gradually being 
liberated during the heating, | think it is reasonable to regard 
this error as being in the neighborhood of 5 per cent. The second 
error is that any trace of pyvrocatechin present in the urine would 
aiso be extracted. As these two errors tend to balance each 
other, the results obtained may be regarded as a comparatively 
accurate measure of the volatile phenols in the urine. 

The amount of aromatic oxv-ucids estimated as phenol is given 
in Table II. These results are in accord with the finding of 
Baumann in IST6 in which he demonstrated that the oxyv-acids 
were Inrgely excreted in the free state. It must be remembered, 
however, that the actual smount of oxy-acids is much greater 
than these figures as it requires about 5 mg. of p-oxvbenzoie acid 
to produce the same amount of color as | mg. of phenol. 

What the interfering substances are which react with the 
phenol reagent have not been determined. Some are liberated 
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by the heating with concentrated HCl and this suggests that 
these may in part be conjugated.  Indoxyl, which when conju- 
gated with sulfurie acid produces indoxy! sulfate, has the benzene 
ring and a free hvdroxvl group, but this group is not attached to 
the benzene nucleus. Besides Folin and Denis state that the 
phenol reagent does not react with indole or its derivatives. Mu- 
conic acid, which is an oxidation product of benzene, suggests 
itself, as Munk (15) found on giving benzene no increase in the 
free volatile phenols while Folin and Dents found a marked 


increase. Muconte acid, however, is soluble in ether and would | 
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therefore be extracted. Inosite, which is a poly- 
hvdrie aleohol, is insoluble in ether and present in large quantities 
in urine but does not react with the phenol reagent. 

Some of the properties of the interfering substances have been 
determined. Tf fresh ure is distilled for some hours with phos- 
phone or sulfurie acid until all the volatile phenols have been 
driven off, the distillate contains a compound which reacts not 
only with the phenol reagent but also with Folin and Maestlum/’s 
(46) urie acid reagent and Folin and Wu's (47) new blood sugar 
reagent. These substances distil over in large quantities, par- 
ticularly aif the fluid in the distilling flask is allowed to become 
eoncentrated. Also, if urte acid and traces of protein are removed 
from urine and the filtrate is heated with concentrated HCl, the 
addition of the une acid and sugar reagents produces a con- 
siderable color. The reaction with the sugar reagent Is verv 
slow, the color increasing in intensity for 2 or 8 days. Folin and 
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Wu state that the blood sugar reagent does not react with “ phe- 
nols.””. The color produced by the uric acid reagent might be 
accounted for by pyroeatechin, as this reagent reacts with the 
polyphenols. 

SUMMARY. 


lL. The results obtained for the total phenolic substances in 
urine by an ether extraction method outlined in this paper are at 
least 5O per cent lower than those recorded by Folin and Denis. 

2. Only a small fraction of the volatile phenols are exereted in 
the urine in the free state. 

3. The amount of volatile phenols found by the method 
deseribed in this paper corresponds very closely with the values 
obtained by the methods of Mooser and Hensel. 

4. There are substances in the urine, at present unidentified, . 
which react with the phenol, uric acid, and blood sugar reagents 
devised by Folin and his collaborators. These compounds are 
partly present in the free state and partly formed by the action 
of strong mineral acids on the urine. Whether thev are simple 
conjugated bodies or chemical compounds formed by the action 
of strong mineral acids on some constituent of the urine has not 
been determined. 

5. It is suggested that these compounds may be responsible for 
the high values obtained for the phenolic substances in urine by 
the method of Folin and Denis. 


Addendum, Atter the completion of this manuseript there appeared a 
paper on the colorimetric estimation of tyrosine by the method of bolin 
and Denis (48). In investigating Folin and Denis’ phenol reagent, the 
authors found that tryptophane also produced an intense blue color with 
the reagent. Indole and indole derivatives, contrary to the statement of 
Folin and Denis, reacted strongly with the reagent to produce the blue 
eolor. They found considerable evidence that tyrosine and tryptophane 
were not the only protein constituents which produced blue colors with 
the reagent and also that ferrous iron and apparently any other easily 


oxidizable material caused the reaction. 
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COMPOSITION OF INOSITE PHOSPHORIC ACID OF 
PLANTS. 


SEVENTEENTH PAPER ON PHYTIN. 


By R. J. ANDERSON. 


(From the Biochemical Lahoratory, New York Agricultural Er pe riment 
Station, Geneva. ) 


(Received for publication, August 6, 1920.) 
INTRODUCTION, 


A number of investigators have isolated and studied inosite 
phosphoric acid compounds derived from seeds and various 
feeding material! Unfortunately there is no agreement smong 
these Investigators as to the composition of the phytie acid or 
inosite phosphoric acid, nearly every worker in this field having 
found one or more substances which differ in composition trom 
those analvzed by others. 

Posternak? who first carefully studied this substanee concluded 
from his data of the analvses of ervstalline double caleitum-sodium 
salts that phytin was a salt of an acid having the formula 
C.H.O.Ps. On theoretical grounds Neuberg® suggested that this 
formula should be multiplied by 3: v7z., CeHeQe7Ps. On equally 
theoretical grounds it Was assumed by Suzuki and collaborators! 
that the acid was a hexaphosphorie acid ester of inosite, 
CH Starkenstein,? Vorbrodt,® and others elaborated 
more complex formulas for the acid. Patten and Hart? and Hart 


' For review of the literature see Rose, A. R., Biochem. Bull., 1912-15, ii, 
21. Anderson, R. J., Thesis, Cornell University, 1919. 

Posternak, Compt. rend. Acad., 1903, exxxvii, 202, 337, 459. 

* Neuberg, C., Biochem. Z.. VOOS, ix, 557. 

‘Suzuki, U., Yoshimura, W., and Takaishi, M., Bull. Tokyo Imper. 
College Agric., vii, 5038. 

*Starkenstein, E., Biochem. Z., xxx, 56. 

Vorbrodt, W., Bull. de Acad. se. Cracow, Series A, 1910, 414. 

7 Patten, A. J., and Hart, Kk. B., Am. Chem. J., 1904, xxxi, 504. 
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and ‘Pottingham?> regarded the substances which they analvzed as 
identical with the phyvtin of Posternak. 

In earlier papers from this laboratory’ it was assumed that the 
phytic acid formula according to Posternak and Neuberg was 
correct and the analytical data from amorphous phytin prepara- 
tions were in close agreement with this formula. But in isolat- 
ing the orgame phosphoric acid of cotton-seed meal’’ we were 
able to obtain crystalline barium salts which corresponded closely 
in Composition to salts of nosite hexaphosphorie acid. . Identical 
erystalline salts were later obtained from oats, corn, commercial 
phytin,’ wheat bran,’ and more recently from maple seed. 

These barium salts had been very carefully purified by repeated 
reerystallization until the composition remained constant. Two 
types of barium salts were obtained corresponding to the follow- 
ing formulas, (gH and The first or 
tribarium imosite hexaphosphate ervstallizes slowly in rosettes of 
microscopic needles after addition of aleohol to a solution of the 
barium salt in dilute hydrochloric acid. The second salt, which 
may be regarded either as a heptabarium inosite hexaphosphate 
or as a mixture of equal parts of tri- and tetrabarium inosite 
hexaphosphate, is obtained on heating a solution of the barium 
salt in dilute hydrochloric acid in the presence of an excess of 
barium chloride or it separates slowly as a heavy powder or 
erystalline crust when a dilute hydrochloric acid solution of the 
barium salt contaiming a large excess of barium chloride is allowed 
to stand at room temperature. 

Thompson'! obtained similar ervstalline barium salts from the 
inosite phosphoric acid of rice bran and Robinson and Mueller” 


Hart, B., and Tottingham, W. J. Biol. Chem., 1909. vi. 431. 
* Anderson, R. J., J. Biol. Chem., 1912, xi. 471; xii, 97: New Yori: 
Agric. Exp. Station, Tech. Bull. 19, 21, 1912. 
19 Anderson, R. J.. J. Biol. Chem., 1912-13, xiii, 311; 1914, xvii, 141: 
New York Agric. kearp. Station, Tech. Bull. 32, 1914. 
Anderson, R. J.. J. Biol. Chem., 1914, xvii, 151, 165, 171: New York 
Agric. Exp. Station, Tech. Bull. 32, 1914. 
? Anderson, R. J., J. Biol. Chem., 1915, xx, 493; New York Agric. Exp. 
Station, Tech. Bull. 40, 1915. 
'S Anderson, R. J., J. Biol. Chem., 1920, xliti, 469; New York Agric. 
Kap. Station, Tech. Bull. 81, 1920. 
'* Thompson, A. R., J. Agric. Research, 1914-15, tii, 425. 
'S Robinson, C. J.. and Mueller, J. H.. Biochem. Bull., 1915, iv, 100. 
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from wheat bran. Clarke!’ and Boutwell'’ using similar methods 
isolated substances from wild Indian mustard and wheat bran 
which differed considerably in composition from salts of tnosite 
hexaphosphoric acid. Rather'> has expressed the opimion that 
the preparations which he had isolated were not salts of inosite 
hexaphosphoric acid but of acids represented by various formulas 
such as but later he believed 
that the composition was best represented by the formula 
In a more recent publication'’ it is stated by him 
that the composition of the inosite phosphoric acid of plants is 
equally well expressed either by the formula CypHyOePs or by 
the formula of inosite pentaphosphorie acid, 

It is possible that substances having the composition described 
by Rather*may be isolated from plant material. We beheve, 
however, when inosite penta-, tetra-, or other lower imosite plios- 
phoric acids are found that they have been formed through partial 
hvdrolvsis of the inosite hexaphosphoric acid. Such partial 
hydrolysis may occur either in the plant material itself during 
storage as found by Rather’ in cotton-seed meal and by the 
writer’? in maple seed or else it may occur during the process of 
isolating the substance through enzymotic action when the 
material is digested in water as shown by Suzuki, Yoshimura, 
and Vakaishi,t by the writer?! and by Boutwell’? on digestion in 
very dilute acids. 

Moreover, the analytical data presented by Rather do not. 
prove conclusively that the composition of the inosite phosphoric 
acid of plants corresponds to imosite pentaphosphoric acid. It 
was suggested by the writer some vears ago that the strychnine 
salts’? are not suitable for the identification of inosite phosphoric 
acid because the great basicity of the acid gives salts of very high 


® Clarke, G., J. Chem. Soe., 1914, ev, 535; 1915, evii, 360. 

‘7 Boutwell, P. W., 7. Am. Chem. Soc., 1917, xxxix, 491. 

's Rather, J. B., Texas Agric. Exp. Station, Bull. 146, 1912: J. Am. 
Chem. Soe., 1913, xxxv, S90. 

19 Rather, J. B.. J. Am. Chem. Soc., 1918, xl, 523. 

20 Rather, J. B.. J. Am. Chem. Soc., 1917, xxxix. 777. 

*t Anderson, R. J., J. Biol. Chem., 1915, xx, 483; New York Agric. Exp. 
Station, Tech. Bull. 40, 1915. 

*2 Anderson, R. J., J. Biol. Chem., 1915, xx, 463; New York Agric. Erp 
Station, Tech. Bull. 40, 1915. 
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‘” molecular weight. Slight differences in composition of the acid, 
therefore, cannot be determined by analysis of such salts for 


/ the reason that analytical errors may be greater than the differ- 
q ence in calculated percentage composition. This is illustrated in 
a Table lL. In the second column is given the average of the sixteen 
E strychnine salts analyzed by Rather; in the third column the 
calculated composition of tetrastrychnine inosite pentaphosphate ; 
'g and in the fourth column the calculated percentage of a mixture 
.: assumed to consist of two parts of pentastrvchnine inosite hexa- 
\ phosphate and one part of tetrastryvchnine inosite hexaphosphate. 
} It is self-evident that such slight differences in percentage 
: composition as exist between the above formulas cannot be 
i determined accurately by analvsis. Having due regard to the 
PABLE I 

Comparative Composition of Strychnine Salts. 

55.99 56.36 56.25 

N 5.46 5.SS 

i, + lumit of error in analytical work we do not believe that the data 
ae of the above author present any definite proof that inosite penta- 
aaa phosphoric acid exists in plants. 

ay Posternak®* has recently called attention to his earlier work 
pe and again he deseribes the crystalline double calcium-sodium 
a salt which he analyzed several vears ago. At the present time 
i this author accepts the phytic acid formula proposed by Neu- 
if berg: viz., CeHe,QOo-P,. This formula differs from that of inosite 
ws hexaphosphoric acid by containing 3 molecules more of HO, 
+ BHO = CyHesQo-Ps. In what manner these 3 
., molecules of water are combined in the acid is not explained. 
ts The above author not only believes that the phytic acid existing 
i in plant material has this formula but he claims to have syn- 
Posternak, Compl. rend, Acad., 1919, elxvili, 1216; elxix, 37. 
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thesized an identical acid®** by heating a mixture of inosite, phos- 
phorie acid, and phosporus pentoxide. 

On repeating these experiments on the synthesis of phytic 
acid, the writer? was unable to confirm the conclusion of Pos- 
ternak that inosite hexaphosphoric acid or phytic acid was 
formed. The only product which he could isolate from the reac- 
tion mixture corresponded to the formula CsgH»Oi.Ps, which is 
evidently an inosite ester of pyrophosphorie acid. ‘This new acid 
contains very nearly the same percentage of phosphorus as 
phytic acid but in properties and reactions it differs from this 
substance in several particulars. 

In view of the disparity in the results of the several investiga- 
tors, Patten and Hart, Clarke, Boutwell, Rather, Robinson and 
Mueller, and the writer, as to the composition of the phytic acid 
of wheat bran this substance has been reinvestigated. 

It was noticed in this laboratory when wheat bran is digested 
in about 0.2 per cent hydrochloric acid that compounds differing 
in composition from inosite hexaphosphorie acid are obtained.”® 
From this mixture of organic phosphoric acids we were able to 
identify two, inosite monophosphoric acid*? and inosite triphos- 
phorie acid.? It was found later, however, on digesting wheat 
bran in 0.5 or 1.0 per cent hydrochloric acid that salts of inosite 
hexaphosphoric acid’? were obtained and it was also found that 
the stronger acid destroyed the enzyme, phytase, which hydro- 
lvzed the inosite hexaphosphorie acid when the bran was digested 
in 0.2 per cent hydrochloric acid. 

In the present investigation it was found that the crystalline 
barium salts corresponded very closely in composition to those 
previously obtained from this material. The work fully confirms 
not only our earlier results with respect to the composition of the 
phytie acid of wheat bran, but the results are also in agreement 
with the preparations isolated from cotton-seed meal, commercial 


** Posternak, 8., Compt. rend. Acad., 1919, elxix, 138. 

*6 Anderson, R. J., J. Biol. Chem., 1920, xliii, 117; New York Agric. Exp. 
Station, Tech. Bull. 79, 1920. 

*6 Anderson, R. J., J. Biol. Chem., 1912, xii, 447; 1914, xviii, 425; 
New York Agric. Exp. Station, Tech. Bull. 22, 1912; Bull. 36, 1914. 

** Anderson, R. J., J. Biol. Chem., 1914, xviii, 441; New York Agric. Exp. 
Station, Tech. Bull. 36, 1914. 
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phytin, oats, corn, and maple seed which have been reported 
from this laboratory. 

The relation of carbon to phosphorus in all these carefully 
purified and many times recrystallized barium salts is in the 
ratio of 6:6. The percentage of phosphorus is slightly higher 
und the percentage of carbon is slightly lower (han is required 
by the phytic acid formula of Posternak. We have been foreed 
to the conclusion, therefore, that the assumption of suzuki, 
Yoshimura, and Takaishi that phytie acid is inosite hexaphos- 
phorie acid, Cel is correct. 


EXPERIMENTAL, 
Pre paration of the Barium Salt. 


The usual procedure of isolating the substance from the wheat 
bran was slightly modified. The following method, which was 
found to be the most satisfactory, is here briefly described. ‘The 
wheat bran, 3 kilos, was digested in 12 liters of 2 per cent hydro- 
echlone acid for 5 hours with frequent stirring. It was then 
strained through cheese-cloth and the extract was freed from 
suspended starch, ete., by centrifuging and finally by filtering 
through a laver of paper pulp. To the clear filtrate was added 
sufficient sodium acetate to bind the free hydrochloric acid. 
The phosphorus compounds were then precipitated by adding a 
concentrated solution of barium chloride until no further pre- 
cipitate was produced, After settling, the supernatant liquid 
was svphoned off and the barium salt was freed from the mother 
liquor by centrifuging and then filtering and washing with water 
on a Buchner funnel. 

‘The washed precipitate was suspended in water and the barium 
was removed by adding a slight excess of sulfurie seid. After 
the barium sulfate had settled, it was filtered off and the clear 
filtrate was precipitated by adding a solution of copper acetate. 
The resulting copper salt was filtered and washed free from sul- 
fates with water; then it was suspended in water and decom- 
posed with hydrogen sulfide. The copper sulfide was removed 
and the filtrate was freed from excess of hydrogen sulfide with a 
current of air and then precipitated by adding a solution of 
barium hydroxide. ‘The barium salt was filtered and washed 
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thoroughly with water. It was dissolved in dilute hydrochloric 
acid, filtered, and reprecipitated with barium hydroxide. After 
precipitating in this manner seven times with barium hydroxide, 
the substance was precipitated four times with aleohol from 
dilute hydrochloric acid. Tt was finally filtered and washed free 
from chlorides with dilute aleohol, and alcohol and ether, and 
dried in vacuum over sulfuric acid. The substance was a snow- 
white, bulky, ervstalline powder and it gave no reaction with 
ammonium molybdate, indicating absence of inorganic phos- 
phate. It weighed 95 ¢m. Bases other than barium were absent. 

For the purpose of removing any oxalie acid which might have 
been retained, the substance was dissolved in dilute hydrochloric 
acid and to it was added a concentrated solution of 20 gm. of 
barium chloride. After standing over night the slight preeipi- 
tate which had formed was filtered off and the filtrate precipitated 
by adding an equal volume of 95 per cent aleohol. The sub- 
stance was filtered and washed in dilute alcohol until free from 
chlorides and then washed in alcohol and ether and dried in 
vacuum over sulfurie aeid., 

Phe substance was further erystallized as follows: It was dis- 
solved in dilute hydrochloric acid and the free acid nearly neu- 
tralized by adding with constant shaking a dilute solution of 
bartum hydroxide until a faint permanent cloudiness remained. 
The solution was filtered and aleohol was added slowly with shak- 
ing until a slight permanent precipitate was produced. ‘The 
solution was again filtered, a few grams of barium chloride were 
added, and the whole was allowed to stand at room temperature 
for 24 hours. The barium sal> separated slowly as a compact 
Inass consisting of rosettes or globular masses of microscopic 
needles. The substance was reerystallized in this manner three 
times. The ervstalline precipitate was finally washed in dilute 
aleohol until free from chlorides and then in absolute aleohol and 
ether. For analysis portions of this material were further recrys- 
tallized as tollows. 


Preparation of Hepltabarium Inosite Hexaphosphate. 


10 em. of the above substance were dissolved in dilute hydro- 
ehloric acid, the free acid was nearly neutralized with a dilute 
solution of barium hydroxide, and the solution filtered. To this 
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were added 10 gm. of barium chloride and the solution was 
allowed to stand at room temperature for 2 days. The substance 
separated slowly as a heavy compact ervstalline crust) which 
consisted of small rosettes of microscopie needle-shaped ervystals. 
It was recrystallized a second time in the same way and was 
then filtered, washed with water until free from chlorides, and 
tinally washed in aleohol and ether and dried in the air. 

lor analysis the substance was dried at 105° in vacuum over 
phosphorus pentoxide. It lost on drying 10.91 per cent of HO. 


Found: C = 6.25; H = 1.16; P = 16.32; Ba = 42.55 per cent. 


Arsecond preparation recrystallized as above gave the following 
result. 


Found: C = 6.42; H = 1.22; P = 16.34; Ba = 42.55; H,O = 9.71 per 
cent. 

Calculated for (C.H,,O.Ps)2 Ba; + 14 HO: C = 6.35; H = 0.97; P = 
16.40; Ba = 42.39; H.O = 10.00 per cent. 


Preparation of Tribarium Inosite Hexaphosphate. 


10 gm. of the purified barium salt) were dissolved in dilute 
hydrochloric acid and the filtered solution was precipitated by 
adding an equal volume of 95 per cent aleohol. The amorphous 
precipitate after standing for about 24 hours in contact with the 
mother liquor assumes a crystalline form which appears to be 
identical with that described above; 7¢.¢., it consists of very 
minute rosettes of microscopic needles. It was then filtered and 
washed with 30, 50, and 95 per cent alcohol until free from chlo- 
rides and after displacing the aleohol with ether the substance 
was dried in vacuum over sulfuric acid. The product was recrys- 
tallized three times in this manner. It was obtained as a snow- 
white, bulky, crystalline powder which gave no reactions for 
either chlorides or inorganic phosphate. 

lor analysis it was dried in vacuum at 105° over phosphorus 
pentonide. 


Found: C = 6.73; H = 1.69; P = 16.98; Ba = 38.60 per cent. 
“i C = 6.79; H = 1.30; P = 17.10; Ba = 39.00 “* “ 
Calculated for C,H,.0.,P.Ba;: C = 6.75; H = 1.12; P = 17.44; Ba = 
38.65 per cent. 


a 
i 
é 
2 
, 
“4 4 
+4 
4 
i 
; 
3 
2 
ty 
rian 


R. J. Anderson 437 
Preparation of the Silver Salt, 


3 gm. of the reerystallized heptabarium salt were suspended in 
water and the barium was precipitated with a slight excess of 
sulfuric acid. After the barium sulfate had been filtered off, 
the solution was precipitated with copper acetate. The copper 
salt was filtered, washed, suspended in water, and decomposed 
with hydrogen sulfide. After the cqpper sulfide was filtered off 
and the exeess of hydrogen sulfide was removed with a current 
of air a colorless solution of the free acid was obtained. 10 
ec. of this filtrate were titrated with 0.1 ~ NaOH and the ealeu- 
lated quantity of ammonia was added to the balance of the 
solution. This produced a_ slightly alkaline reaction. Silver 
nitrate was added in slight excess. The heavy white precipitate 
of the silver salt was filtered and washed thoroughly in water 
and then dried in vacuum over sulfurie acid. ‘The silver salt was 
a nearly white, heavy, amorphous powder. 

It was analyzed after drying at 105° in vacuum over phos- 
phorus pentoxide. It turned quite dark in color on drying. 


= 


Found: C = 3.82: H = 0.49; P = 9.56; Ag = 66.08 per cent. 
P = 9.57; Ag = 66.18 “ “ 
Caleulated for C,.H.O..P;Age: C = 3.70; H = 0.30; P = 9.57; Ag = 
66.64 per cent. 
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Another silver salt was prepared in the same way as above 
except that it was made from a phytie acid preparation which 
had been purified as a crystalline stryehnine salt. 


Found: C = 3.90; H = 0.54; P = 9.48; Ag = 66.56 per cent. 


These preparations are apparently neutral silver salts of imosite 
hexaphosphorie acid. All other silver salts which have been 
prepared and analyzed have been acid salts. It was hoped that 
a neutral ester of inosite hexaphosphorie acid might be obtained 
by the action of methyl iodide upon the neutral silver salt. How- 
ever, all attempts to prepare such an ester were unsuccessful and 
only strongly acid svrups were obtained. 
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SUMMARY. 


Data obtained trom the analyses of carefully purified and 
recrystallized barium salts of the organic phosphorus compound 
of wheat bran are in close agreemen’ with the ealeulated com- 
position of barium salts of inosite hexaphosphoric acid. 

Silver salts were prepared from the acid and these were found 
to agree with the formula CsH.Qo,PeAgp. 

‘The composition of phytic acid of plants as determined from 
the analyses of saits of this acid corresponds to imosite hexaphos- 
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EXPERIMENTAL STUDIES ON GROWTH. 


XVI. THE INFLUENCE OF BRAIN TISSUE, FREED FROM CHOLES- 
TEROL, UPON THE GROWTH OF THE WHITE MOUSE. 


By T. BRAILSFORD ROBERTSON anp L. A. RAY. 


(From the Department of Physiology and Biochemistry, University of Ade- 
latde, South Australia, and the De partment of Brochemistru,. 


(niversity of Toronto, Toronto.) 
(Reeeived for publication, August 8, 1920. 
Statement of the Problem. 


There are many observations, hitherto isolated, which, when 
taken together, point towards the nervous svstem as the source of 
some very decisive stimulant of the growth of parenchymatous 
tissues. 

Thus Child has shown that in planarians the metabolic gradient 
ascends as we approach the nervous centers (1). Loeb has 
shown that pieces of marine Planaria which contain nervous 
tissue regenerate more rapidly than those which do not (2). 
Morgan has shown that excision of an adjacent piece of the nerve 
cord in earthworms delays or prevents regeneration (3). The 
regeneration of the eve in crustaceans is similarly dependent 
upon the integrity of the optic ganglion (4). 

On the other hand Friedenthal has drawn attention to a remark- 
able relationship which subsists between the ratio of brain weight 
to weight of living tissue (cephalization factor) and the longevity 
of any species of a given natural order (5). The weight of living 
tissues, exclusive of supporting tissues, is estimated to be pro- 
portional to the two-thirds exponent of the body weight (6). 
This relationship is illustrated by the data in Table I cited after 
Friedenthal.! 


' The life duration of the mouse, computed from our own observations, 
has been added to the table. The estimate of human life duration is 
somewhat reduced. 
~ 439 
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Now we have shown (7,8) that substances and conditions which 
promote longevity in mice also exert an influence upon their 
growth, an influence which is of such a character as to denote 
stimulation of the growth of parenchymatous tissues to the 
detriment of the growth of competing (sclerous) tissues. If, 
therefore, the possession of a high cephalization factor conduces 
to the longevity of animals we should also expect it to affect the 
contour of the growth curve, and the growth curve of animals to 
which substances have been administered which accelerate the 


TABLE 
Maximal life duration 


Species Cephalization factor 
' (tlansemann). 


Mammals. 


Man... to 2.81 SO to 130 
Horse. ... 0.43 “ 0.57 5 
Dog... O54 * 0.51 to YO 
0.29 * 0.34 
Squirre! 6.3%." 8:2 
Mouse 

Birds 

(Carrion 1) Las 1OO (7) 
Parrots... toO 100 (?) 
Alpine crow itd 50 
Kinch... 
Pheasant O 


growth of parenchyma should display departures from the normal 
curve approximating towards the growth curve of animals which 
possess a higher cephalization factor. 

Our quantitative data concerning the growth of animals are, 
unfortunately, so scanty that we possess but few standards of 
comparison. We are in a position, however, to compare the 
growth of an animal having a verv low cephalization factor, 
namely the mouse, with that of human beings, possessing a very 


high cephalization factor. Such a comparison is) graphically 
displaved in Figs. | and 2. 
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The data for the growth of human beings are derived from the 
measurements of Quetelet (9). More extensive measurements of 
human growth for restricted growth periods are available, but 
the measurements of Quetelet cover the whole period of growth, 
and in every feature which is at all essential to our comparison 
the curve of human growth, as depicted by Quetelet, has been 
confirmed by subsequent observations. The data for the growth 
of mice are taken from those for our “1914 normals,’ which have 
been published in a previous article of this series (10). The 
scales of weight and time are so chosen that the two curves reach 
the same level at approximately their maximum ordinates. 

ach of the complete growth curves shows three waves or 
eveles of alternately rapid and slow growth (11). The position 
of these cycles is indicated in the figures by Roman numerals. 

These comparisons at once reveal the faet that the human 
growth curve differs from the growth curve of the mouse in the 
relatively enormous prolongation of the second growth eyecle and 
the great delay in the development of the third evele. This 
period of delay is succeeded by a period of very rapid growth 
which culminates quickly in the maximum weight of maturity. 
The curve then declines very slowly towards senescence. The 
growth curve for the mouse, on the contrary, shows an abbre- 
viated second evcle merging with hardly any pause or slackening 
of growth into the third eyecle, which, however, does not quickly 
attain a maximum, but continues to display accretion of weight, 
until a relatively advanced age is attained. ‘Thus a human being 
at 30 vears of age has probably only lived for half his normal 
life duration (epidemics and accidents apart), while the mouse at 
S4 weeks of age has lived over four-fifths of its life. Nevertheless 
the human being has long since ceased to gain weight and the 
mouse is still growing, a phenomenon which is of significance in 
view of the fact that late accretion of weight in mice has been 
shown to be unfavorable to their longevity (8). é' 

A comparison with the curve of growth for mice which have 
received 4 mg. of tethelin per day, which prolongs the duration 
of their life from 80 to 100 days, shows that the departures from 
the normal growth curves which are displaved in the growth 


of tethelin-fed mice are such as to bring the mouse curve into 
somewhat closer approximation to the human (Fig. 1). The 
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same prolongation of the second cycle is seen, in lesser degree, 
and delay in the onset of the third evele, sueceeded by a measure 
of compensatory acceleration. Furthermore the later part of the 
curve remains parallel to the base line or descends, as in the 
human curve, indicating a diminished late accretion of tissue. 

The growth curve of mice which have received 40 mg. of cho- 
lesterol per day (Fig. 2) resembles in general outline the growth 
curve of mice which have received 4 mg. of tethelin per day. 
The prolongation of life which might otherwise be displayed by 
these animals is, however, prevented by the secondary deleterious 
effects of the extensive deposits of cholesterol which are formed 
in various organs of animals receiving excessive amounts of 
cholesterol by mouth (12). 

The facts which are brought out by this comparison are there- 
fore in harmony with the view that the nervous system exerts an 
influence upon the growth of the other tissues of the body which 
is analogous in kind to that exerted by administrations of tethelin 
or cholesterol, but more intense in degree. 

Two possible alternatives now present themselves; namely, 
(a) that the nervous system promotes the anabolism of paren- 
chyma by the conduction of stimuli to it--the so called “trophic 
influence’ of nerves, and (}) that the nervous system promotes 
the anabolism of parenchyma by the elaboration of a catalwzer 
which is liberated from the nervous tissues and officiates as a 
growth hormone. 

It is exceedingly difficult with the intormation at present in 
our possession to distinguish between these two possibilities. 
The difficulty becomes apparent when we consider that the devel- 
opment of the eatalyzer by the nervous tissues may be a by- 
product of, and therefore dependent upon, their activity as con- 
ducting tissues. It would be surprising if, in tissues so highly 
specialized for the purposes of conduction, an interruption of — 
this fi netion did not disturb or eventually transform their meta- 
bolic activities, and, indeed, the fact that the metabolic activities 
of nervous tissues are dependent upon their conducting function 
is shown by the phenomenon of secondary Wallerian degeneration. 

On the other hand, the phenomena of dystrophy, following 
upon nerve section, would appear to militate against the chem- 
ical view of the trophie function of the nervous system, since a 


; 
+x 
3 
; 
‘ 
ie 
iF 
Oe. 
; 
4 
fats, 
ed 
~ 
| 
ix i é 


T. B. Robertson and L. A. Ray 145 


hormone liberated from nervous centers elsewhere might be 
expected, from the analogies provided by other hormones, to 
reach the tissues through the medium of the cireulation and 
independently of their immediate nervous connections. ‘The 
question is not settled by this simple consideration, however, for 
two possibilities still exist; namely, (1) that the basic generalized 
supply of hormone liberated by the nervous svstem is insufficient 
for the total needs of the tissues and must be supplemented by a 
local supply, and (2) that the hormone does not travel in the 
aqueous tuids of the body, but in the nerve trunks themselves 
(13), in this respect behaving analogously to tetanus toxin, 
which travels, however, centripetally from a peripheral source 


of supply (14), instead of centrifugally from a central source of | 


supply as this hypothetical hormone would do. Needless to say, 
these possibilities are not mutually exclusive and both of them 
may be true, and it mav also be true that a suecession of nervous 
impulses is required to maintain the normal nutrition of tissues 
which, by specialization, have become dependent upon conduct- 
ing tissues, 

li is impossible to disentangle these various alternatives by 
any method other than that of direct experiment in which the 
several factors which we have enumerated are dissociated. While 
we cannot at present dissociate the stream of impulses impinging 
on a tissue from the metabolie activities of the nerve tissues 
which conduct them, we can administer to animals or to indi- 
vidual tissues the chemieal components of nervous tissue in 
excess without modification of their nerve supply. The absorp- 
tion of such substances from the alimentary tract presents no 
greater difficulty than the absorption of strychnine, which, 
shortly after administration by mouth, is found to be confined to 
the nervous tissues of the animal to which it has been admin- 
istered, or than the absorption of cholesterol, so large a component 
of nervous tissues which ts insoluble in water, but is nervertheless 
absorbed preformed (15) and carried to the nervous tissues in a 
condition of emulsification. 

The effect of cholesterol itself upon the growth of animals is 
known (16, 17). As we have seen, the effect of 40 mg. of cho- 
lesterol daily is comparable to the effect of 4 mg. of tethelin and 
the effeet of this, in turn, is far inferior to the influence of a high 
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cephalization factor upon the time relations of growth in animals. 
Obviously, therefore, if a catalyzer of growth is manufactured by 
nervous tissues it cannot be cholesterol itself, but some other 
substance far more potent in its effects than cholesterol. 

The presence of cholesterol in brain tissue would in any case 
lead to alterations of the normal time relations of growth in 
animals to which the tissue was administered. To ascertain the 
possible effect of other components upon the growth of animals, 
therefore, it was necessary first of all to remove the cholesterol 
from the tissue. It was clearly recognized that this procedure 
might also result in the removal of the substance for which we 
were seeking. In that case, however, the search for such a sub- 
stance would be narrowed down to the various products which 
are soluble in the agent (cold acetone) employed to extract the 
cholesterol. If, on the other hand, decholesterinized brain 
tissue were actually found to exercise a decisive influence upon 
the growth of animals, the existence of a potent catalyzer of 
growth in nervous tissue, other than cholesterol, would be thereby 
established. We accordingly undertook the investigation of the 
effects of decholesterinized brain tissue upon the growth of the 
white mouse. 


Methods of Investigation. 


The decholesterinized brain tissue was prepared by the method 
outlined by Rosenheim for the complete extraction of cholesterol 
from brain (18, 19). 5.5 kilos of minced ox brain were extracted 
with 5.5 liters of acetone at room temperature for 24 hours, the 
mixture being stirred from time to time. The fluid was then 
removed by filtration through several thicknesses of cheese-cloth, 
and the tissue squeezed between several lavers of cheese-cloth to 
remove the greater part of the adhering liquid. The tissue was 
then again suspended in 5.5 liters of acetone, with occasional 
stirring, for 24 hours and the above process was repeated. In 
all, seven extractions were performed, the first three for 24 hours 
each, the last four for 12 hours each. We found that the last 
extract contained only inappreciable traces of cholesterol. Rosen- 
heim reports that six extractions with cold acetone are sufficient 
to remove all the cholesterol from brain tissue. 
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The extracted tissue was dried by spreading it out in a thin 
laver upon glass plates and blowing a gentle current of air over 
it for 24 hours. It was then finely pulverized in a coffee mill 
and spread out to dry in still air for another 48 hours. The 
vield of dry decholesterinized tissue from 5.5 kilos of brain was 
990 gm. Hence 1 kilo of fresh brain tissue corresponded to 180 
gm. of the dry decholesterinized substance. 

The daily dosage per mouse was arbitrarily fixed at 36 mg. 
It was felt that this large dose, corresponding to 200 mg. of fresh 
brain tissue, would certainly reveal the presence of any potent 
eatalvzer of growth by decisive effects upon the time relations of 
growth. According to Rosenheim 1 kilo of fresh brain tissue 
contains 20 em. of mixed cerebrosides (19). Hence 36 mg. con- 
tained 4 mg. of cerebrosides, a dose of this particular group of 
brain constituents equal to the dosage of tethelin which, in the 
experiments cited above, was found effective in causing marked 
departure from the normal growth curve in mice. 

The animals emploved in the experiment were taken, without 
selection, from litters 4 or 5 weeks old. Thirty-six males and 
the same number of females received the above mentioned dosage 
of brain tissue mixed with their daily supply of egg (5 ce. of mixed 
white and yolk for six mice). Since the growth curve of our nor- 
mals had been previously found to alter from vear to vear (10) 
we simultaneously set aside thirty-six males and thirty-six females 
to serve as controls. So far as practicable the experimental and 
the control animals were alternately chosen from the same litters. 
‘Thus every litter containing four males, for example, contributed 
two to the experimental and two to the control group. The 
eontrol animals received in every respect the same diet as the 
experimental animals with the exception that decholesterinized 
brain tissue was absent from the diet of the controls. The tech- 
nique of the experiments and the items of the dietary were the 
same as in experiments previously described (20), with the excep- 
tions that crushed oats were given instead of rolled barley, cab- 
bage leaves twice a week in place of lettuee, and dry unsweetened 
biscuit (’Pilot) bread’’) on Sundays in place of dried baker's 
bread. The animals were weighed weekly to within the nearest 
0.5 gm. 
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The allowance of egg, whether containing brain tissue or not, 
was not completely eaten for the first 2 or 3 weeks. ‘The amount 
of egg left uneconsumed, however, was not greater in the one 
group of animals than in the other. After the first 3 weeks the 
egg was generally completely consumed each day. The decho- 
lesterinized brain tissue, with the exception of a few shreds of 
fibrous tissue, readily formed an emulsion when rubbed up with 
the egg, so that rejection of the tissue by animals which con- 
sumed the egg was impossible. 


Kaxperimental Results. 


The results of the weighings from the 4th to the l3th week, 
when the experiment was terminated, are enumerated in ‘Tables 
If and III. It will be seen that the deviation of the weights of 
the experimental animals from those of the control animals did 
not, in the ease of the males, exceed the probable error of the 
estimate. The differences observed were therefore of a fortuitous 
character. In the ease of the females somewhat greater varia- 
tions were observed, Subsequently to the LOth week the varia- 
tions from normality averaged about twice the probable error, 
the chanee of their being fortuitous being about one in_ five. 
Subsequently to the 23rd week and until the 30th the observed 
variations were three times the probable error, the chance of a 
fortuitous origin being still as much as one in twenty (10), 

When we compare these results with the consistent deviations 
from normality, amounting to five or six times the probable error, 
which are displayed by animals receiving + mg. of tethelin or 40 
mg. of cholesterol daily (17), it is evident that the results obtained 
in this experiment do not afford any evidence for the existence of 
a growth catalyvzer in decholesterinized brain tissue. The abso- 
lutely negative result obtained with the male animals may, in 
fact, be taken to disprove the presence of any such substance in 
the preparation administered to them. 

Such variations from the weights of the control animals as 
were observed, however, were in the same sense in both males 
and females, the experimental animals being in each case shghtlyv 
superior in weight to the control animals subsequently to the 
lOth week of age or 6th week of the experiment. This fact may 
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possibly have some significance, but such significance as it pos- 
sesses is probably quite unconnected with the presence of any 
specific growth hormone in the preparations administered. Such 


TABLE If. 


Deviation from onal 


No. weighed Weight normal of 1914 differ Variability, 
whs gm. gm. per cent 
| 27 i031 +0.41 23.7 
5 | 36 11.65 | +0.41 20.9 
12.99 —() 11 | OS 20.5 
7 | 36 14.68 | LO 19.3 
| 36 OS i7.8 
3b 6.53 | 43 1.0 17.2 
1) | 36 0.3 8 
1] | ob IS 05 +027 
12 | 36 Is 24 +0 12 03 I5.8 
+0.3 07 15.4 


19 36 +O 45 14.6 
| | 19.90 | +0.91 1s 13.8 

16 | 36 008° | 40.47 09 in 4 


* 
& 


17 | 36 7.76 |i +0.66 14 


1S | 36 20.82 | +0.45 a9 4; 
19 | 21.25 LO 53 Lo 14.1 
20 3G 21 60 10.48 | 0.9 134 
21 | 36 21 82 +0 38 O7 146 
| 36 OS +0 | lt 4 
23 35 21 10.03 | It 4 
25 | 22.46 +0 4 12.0 
| 34 LQ 52 10 
27 34 22.88 | L() 30” 2.2 
2S 34 2306 LO 26 05 
34 2341 +0 61 lis 
30 29 23 26 LO. 43 Q7 


a slight difference might arise from no other source than the 
greater variety of constituents in the dietary of the animals which 
received the decholesterinized brain tissue. 
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TABLE 


‘Times probable 
| whe. gm. | gm. percent 
4 4 22 1S —O 53 | 26.7 
5 35 10.79 11 164 
35 12.39 —O 11 0.3 14.3 
7 | 35 13.63 06 0.2 12.5 
| 35 14 63 +0.18 | 12.9 
| 35 15 41 +0 32 
4 35 15 S81 +012 
“ 11 35 16 66 +0 64 14 | 11.3 
12 35 17.21 +0 64 
: 3 35 17 4 +0 50 
14 35 IS 17 +0 84 
15 35 IS +0 72 
16 35 IS 47 | 
17 35 IS +0.45 | 1.2 10.4 
1S 35 19 2 4+0.84 | 2.3 10.7 
+ 19 35 19 61 +0.91 | 2.5 9.9 
20 35 19 66 +068 | 17 10.4 
21 35 20.10 +099 | 2.8 98 
35 33 40 95 2.5 97 
23 35 20.30 24 91 
24 35 20 67 +1 04 2.7 91 
25 35 G7 +1 10 2.8 96 
265 35 21.11 +138 3.4 9.6 
27 35 21.14 +1 34 3.1 9.7 
35 21.3 L150 3.4 10.8 
29 35 21 16 +1 36 30 10 3 
30 29 21.43 +1 48 3.1 11.0 


Discussion of Results. 


The absence of any decisive effect upon growth of as large a 
dose as 36 mg. per mouse per day of decholesterinized brain tissue 
may be taken to indicate either that brain tissue contains no 
growth catalyzer other than cholesterol, or that all the substances 
in brain tissue which are capable of influencing growth are con- 
tained, with the cholesterol, in the cold acetone extract. 

The alternative still remains that the sought for growth hor- 
mone is actually present in the residue after acetone extraction 
but is not absorbed, either because it is of such a character as 
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not to be transmissible through ordinary (non-nervous) tissues or 
because it is decomposed with destruction of its growth-influenc- 
ing powers, by the action of the digestive juices. If, however, 
the substance were so difficultly transmissible through ordinary 
tissues as to render impossible its absorption from the digestive 
tract then neither could it be distributed from the nerve fibers 
through the cells and tissues which they innervate. On the other 
hand the growth-influencing substances with which we have 
hitherto become acquainted do not lose their power of affecting 
growth by exposure to the hydrolyzing enzymes of the stomach 
and upper intestine. 

The decholesterinized brain tissue which was employed in these 
experiments still contained, practically without diminution, all 
the phosphatides and cerebrosides of nervous tissue. ‘The nega- 
tive result obtained with this preparation therefore stands in 
sharp contrast to our positive results previously obtained with 
crude lecithin from eggs (21). While the dosage of lecithin 
employed in our previous experiments was larger than in the 
present experiments, we are inclined, in the light of the above 
results, to attribute our positive findings in the case of egg lecithin 
to incomplete purification, and probably to incomplete removal 
of acetone-soluble substances. 


SUMMARY. 


1. The nervous system can be shown (a) by its importance for 
the regeneration of lost parts, (b) by the significance of the ratio 
of brain weight to body weight in determining the longevity of 
animals, and (c) by the dystrophy foilowing upon nerve section, 
to exert a stimulating influence upon the growth of parenchy- 
matous tissues. 

2. The stimulation of growth by nervous tissues may conceiv- 
ably be due either to the nervous impulses conducted by them or 
to a substance officiating as a growth hormone which is conducted 
to the tissues wholly or.in part through nerve fibers. 

3. In conformity with the latter view it is shown that sub- 
stances which stimulate the growth of parenchyma in mice so 
modify the time relationships of growth as to bring about an 
approximation of the growth curve for mice towards the form of 
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the growth curve for human beings, in which the ratio of brain 
weight to body weight is much higher than it is in mice. 

4. Cholesterol has previously been shown to modify the growth 
of mice in the manner indicated. Its effect, even in high dosage, 
is, however, much less than the effect of a high ratio of brain 
weight to body weight. If the nervous system affects growth 
through the ageney of a specific catalvzer or hormone, therefore, 
this substance must be much more potent than cholesterol. 

5. It is shown that brain tissue from which the cholesterol has 
been extracted by cold acetone, administered by mouth in dosage 
of 36 mg. daily, is without effect upon the growth of mice. 

6. It is inferred that if nervous tissues do contain a potent 
eatalyzer of growth other than cholesterol it is also soluble in 
eold acetone and is removed from the brain in the process of 
extracting the cholesterol. 
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THE DIASTATIC FERMENTS OF THE BLOOD. 


By D. SCLATER LEWIS anp EDWARD H. MASON. 


From the Metabolism Clinic, the Royal Victoria Hospital, Montreal, 
Canada. ) 


(Received for publication, September 9, 1920.) 


The “isolation” of the diastatie ferments dates back to Payen 
and Persoz (1) who in 1833 precipitated a substance called dias- 
tase from extract of malt. In I8t6 Magendie (2) drew attention 
to the diastatic properties of the blood, and showed that blood 
was able to split starch to dextrin and glucose. Since that time 
an enormous literature has grown up dealing with almost every 
phase of diastatic activity. Most of these older writings refer to 
work on the experimental animals, Foster (3) being one of the 
few whose studies refer to the diastases in diabetes. He reports 
« diminished excretion of the ferment in diabetic urine, and he 
also emphasizes the fact that this starch-splitting power of the 
urine is not due to any bacterial growth, but results from the 
action of 2 specific amylolytic ferment. 


Site of Origin of the Ferment in the Body. 


‘The diastases have such a widespread distribution throughout 
the body that there is some doubt as to where they are actually 
produced. They are found in the cells of the pancreas, the sal- 
ivary glands, the liver, blood, lymph, muscles, and the kidneys 
(4). Schlesinger (5) believes that most of the tissue diastases 
are formed by the pancreas and distributed throughout the body 
by means of the blood stream. The reaction of the blood dias- 
tases to a complete removal of the pancreas is of interest in this 
regard. Immediately after the operation there is a sharp drop 
in the diastase, as if the principal source of supply was cut off, 
but within 4 or 5 days the ferment returns to normal levels. This 
points to the production of the ferment by the tissues at large, as 
well as by the pancreas, although the latter may well be the prin- 
cipal souree of supply under normal conditions. 
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Réle of the Diastase in the Blood. 


A question closely allied to the above is whether the blood 
diastase has any importance in the production of the hyper- 
glvcemia of diabetes and nephritis, or whether it is merely a 
substance discarded by the cells and on its way to the excretory 
organs. It is generally believed that there is an increased break- 
ing down of glycogen to dextrose in diabetes, but Milne and 
Peters (6) think this is due to the accumulation of some sub- 
stance in the body, which stimulates the glyvcogenolytic activity 
of the cells; they do not think the blood diastase is augmented to 
a sufficient extent to account for this change. They find no 
increased diastatic activity in phlorhizin glycosuria, and other 
writers state that piqfire causes no change in the diastatic activ- 
itv of the blood, although under both of these conditions there 1s 
a tremendous mobilization of sugar. Bang (7) states that there 
is no relation whatever between the blood diastase and the degree 
of glycogenolysis and glycosuria. Frequently he finds a marked 
glycosuria with a low blood diastase, and Bainbridge and Beddard 
‘S) also report two cases of severe diabetes with an almost com- 
plete absence of diastase from the blood. Mivers and Killian (9), 
however, report a series of cases of diabetes in which they find a 
close relation between the level of the blood diastase and the 
severity of the diabetes. In view of the interesting character of 
their results, we decided to repeat their work, making use of a 
moditied form of their method of estimating the diastatic activity. 
This modification consisted in using the Benedict (10) method of 
blood sugar determination instead of that described by Myers 
and Bailey. 


Method. 


Two 2 ce. samples of blood are placed in 25 ce. volumetric 
‘asks. The first is laked with 4 ce. of distilled water and used 
as the control, while only 3 ee. of water are added to the 
second flask. Both flasks are placed in a water bath at 40°C., and 
when the temperature of the flasks has become constant 1 cc. of a 
| per cent solution of soluble starch is added to the second flask, 
and the incubation is then earried on for 15 minutes. Both 
flasks are then cooled, made up to the mark with the sodium 
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picrate-picric acid solution, and the sugar is estimated according 
to Benedict. The quantity of starch which has been broken 
down by the diastase is calculated by comparing the amounts of 
sugar in the control with that in the blood-starch mixture.' The 
index is the percentage of soluble starch which has been converted 
into dextrose. For example, if 2 mg. of starch are changed to 
sugar, the index will be 20. All tests in the series have been done 
on duplicate samples within 15 minutes of the withdrawal of the 
blood. Our results for normal subjects are in close agreement 
with those of Myers and Killian (9) and of de Niord and Sehreiner 


TABLE I. 


(‘om parison of & hi Original and Moditied Me lhods. 


Diastatic index. 


(‘ase No Diagnosis 
Modified method Original method 
l 23.4 21.2 Laboratory worker. 
16 6 6 ‘ ‘ 
250 Diabetes. 
ri 4 11 4 
9 4 Nephritis. 


(11), but there is a wide divergence in the indices of the diabetie 
patients. To exclude the modified technique as a possible cause 
of this difference, the original method has been compared with 
the one used for this series and the results have been found to be 
almost identical by the two methods (Table I). 

Normal Subjects.—Yhe normal subjects consist of workers in 
the laboratory, students, and convalescent patients in the wards. 
In all there are studies on thirteen persons and a total of 58 
determinations of the normal diastatic index. There is a con- 
siderable variation in the index, namely from 7.0 to 29.4, but 47 
of the 58 are within the comparatively limited range of 14 to 25. 


! A small correction factor is necessary for the amount of sugar present 
in the soluble starch (Lintner). This usually amounts to 0.25 mg. per 
10 mg. of starch, or a correction factor of 2.5 points in terms of the 
index. 
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These then may be taken as the usual limits of the normal index. 
Most of the examinations were made on fasting bloods, but, as a 
number had been done on blood taken after food, it seemed 
desirable to study the diastatic activity in relation to food and 
to determine whether or not food or the type of food had any 
effect on the blood diastase. For this purpose a group of five 
normal individuals were each given a series of test. breakfasts. 
These meals were so arranged that the first was an ordinary 
breakfast, the second contained a large proportion of carbohy- 
drate, the third a high protein content, and the fourth a large 
excess of fat. The actual composition of these meals is given in 
Table Il. A specimen of blood was taken while the subject was 
lusting, and a second specimen was withdrawn 1} hours after the 


\verage. 


hefore after 
breakfast. breakfast 
gin pir. 

Ordinary breakfast. (?) (?) (? 17 3 
Carbohydrate 32 0 14? 0 17 0 19 | 


Pat 66.0 92:0 | 18.76 | 16.24 | ~2.52 
middle of the meal. ‘The diastatic index was estimated for these 
two samples of blood. The average indices before and after food 
are given in Table II. These results do not show any marked 
change in the index after these test diets. As a general rule, 
the index is lower after meals than before, but the average depres- 
sion is only 1.2 points after the ordinary meal, 2.0 points after 
the protein, and 2.52 after the fat meal. After the carbohydrate 
meal the index shows a rise in four of the five tests, but even here 
the variation is only 2.1 points. ‘The diastatie index evidently 
undergoes very slight changes in relation to the various types 
of food. This agrees with Watanabe’s (12) results on experi- 
mental animals and also with the work of earlier writers. 

Cases of Diabetes.—The chief interest naturally is attached to 
the series of diabetics. These are eighteen in number and repre- 
sent all stages of the disease. As stated above, Myers and 
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Willian (9) report an almost constantly inereased diastatic activ- 
itv in these cases, and this increase is more or less proportional to 
the level of the blood sugar and to the severity of the diabetes. 
De Niord and Schreiner (11) confirm these findings except for 
a series of diabetics with syphilis in whom they find extremely 
low indices. These results are not borne out by the present 
series of studies where the index is consistently lower than normal. 
Only six of the twenty-seven are above 15, while the index is 10 
or lower in fourteen instances (normal range I4 to 25). Table 
[Tf is arranged according to the level of the blood sugar and there 
is no obvious relation between the level of the sugar in the blood 
and the degree of diastatic activity. Two or more determina- 
tions were done on five of the eases. In three (L., and MeD.) 
the index is more or less proportional to the level of the blood 
sugar: 7e.. a high sugar is associated with a high diastatie index. 
In two cases (Ch. and R.), however, the index is inversely pro- 
portional to the level of the sugar in the blood. These two values 
are therefore not always proportional to each other. 

These results are in such marked contrast to those reported by 
Meyers and Willian (9) that a possible explanation was sought for. 
De Niord and Schreiner (11) mention syphilis as a cause of a 
low diastatie index but no case in the series gave a positive Was- 
sermann. It was thought that possibly the age of the patient 
and the duration of the disease might have some relation to the 
height of the index. Chronie nephritis is notoriously frequent in 
old diabeties and it was possible that the high indices might have 
been due rather to a retention of the diastase by a damaged 
kidney, than to any particular change in the rate of production 
of the ferment in the diabetic individual. Reterence to Table 
I11 will show that there is a marked tendeney to the lower indices 
in the very young, the lighest index in those below 15 veurs 
being 13.8. On the other hand L., a woman of 63 vears, anda 
diabetic of 16 vears standing, had on three occasions the very low 
values of LO.4, 8.6. and 4.0. Therefore age and duration of the 
disease cannot be important factors in determining the level of 
the diastatic activity. In the present series a low index has not 
been a favorable sign, as all the fatal cases, three in number, had 
indices below 11.5. 


J 
“4 
x 
t 
iJ 
iz 
ty 
a 
+ 
} 
; 


TABLE III. 
Diastatic Index in Diabetes. 
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: Cas Date Awe 
yr 
J. 32 
* 
‘> 
= 13 
A. q 
D. 
Ro 633 
[yl 
Mel Novy. 19 23 
Dec. 
11 
MeD. Dec, 29 37 
19% 
11 
lt) 
R. Nov, 19 
Dee. IS 
Feb. 13 
tt 
» 
H. 
ty. 
M. 74 
* Died. 
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Blood Suga} 
per 100 ce. 


mi. 
INO) 


300) 


224 


240) 


IS7 


145 
202 
INO 
150) 


In the present state of our knowledge it seems reasonable to 
believe that the percentage concentration of the blood diastase 
has very little direct relation to the rate at which starch is broken 


Iudex 


down by the tissues of the diabetic organism,* and it is quite 
possible that Carlson and Luckhardt (13), King (14), and others 
are correct in regarding the diastatic bodies of the blood as dis- 
earded elements on their way tofexeret ion by the kidneys. 
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Cases of Nephritis. 


(‘ase 


Sim. 
Bu. 


Da. 


Mo. 
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Date 


1920 


June SS 


Jan, 23 
Keb. 10 


Apr. 29 | 


Feb. 19 


Dee. 1 


Apr. 27 
Mav 4 
Apr. 14 


Blood 
stpar 
per 
100 ce 


mid. 


125 


126 
Lot 


120 
16S 


127 


LOS 


4M) 
136 


122 
102 


125 
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‘In 1909 Wohlgemuth (15) introduced the 
determination of the urinary diastase as a test of renal function, 
but Rowntree, Marshall, and Baetjer (16) found the test unreli- 
able and it received very little credence in this country, although 
it is still used to some extent in England. 
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TABLE IV. 
Cases of Nephritis., 


\m- 
bard 


0 177 
0.123 
O77 
O7S 
162 


141 


Q 247 
ON? 


OOS 
570 


LOS 
ONO 


0.147 
QO 117 
0 O70 


Blood 
uren 
per 

liter 


O SW 


300) 
204 
105 


735 


0 630 
150 


Albumin- 


urin 


Trace. 


More recent studies 


Sis 


Chronic diffuse ne- 
phritis. edema. 


Acute nephritis. 


Chromic diffuse ne- 
phritis. 


** 


Secondary eon- 
tracted kidney. 


Primary contracted 


kidney 
** 


C‘ardiorenal disease. 


of the blood diastase in nephritis have shown that this test has no 


great rehability in measuring renal function. 


The index may be 


high or low with a disease of the same degree of severity and 


apparently of the same type. 


In the present series for example, 


Ch. and Vi. are both cases of severe diffuse nephritis with extreme 
anasarea, but with relatively little disturbance in the rate of 
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nitrogen exeretion (Ambard: 0.139 for Ch. and 0.177 for Vin), 
(Ch. gives a normal diastatic activity, while in Vi. there is a 
very low index which shows no change even with marked improve- 
ment in the patient’s condition. Again, Sa. shows a change from 
an index of 26 to one of S.O within a fortmight without the other 
tests of function showing any noticeable variation and without 
any change in his clinieal condition. Again, Ak., who died with 
extreme renal insufficieney 2 weeks after the diastatie test, 
showed no greater retention than either Da. or Bu. both of 
whom are alive and show no marked clintenl evidence of renal 
insufficiency. 

The diastase of the blood shows wide variations in the blood of 
nephritic patients; in some cases it is in accord with other tests 
showing a retention of waste products, but im oa considerable 
number of cases studied it shows no direct relation to the type of 
renal lesion or to the degree of involvement or progress of the 


disease, 
SUMMARY. 


I. The normal diastatic index is between I4 and 25. 

2. The diastatic ACTIVITY of the blood shows very little change 
in relation to food. This applies both to ordinary meals and to 
those in which there is a large preponderance of one particular 
tvpe ot food, 

3. There is no constant imerease in the blood diastase in dia- 
betes and there does not to bye direct relation between 
the height of the blood sugar and the diastatic activity. Some 
of the most severe cases show the lowest dinstatic 

1. ‘There is a marked variation in the level of the ferments in 
eases of nephritis, but no evident connection between the type of 
diseuse and the diastatic activity, and no constant relation 
between the progress of the lesion and the diastatic index. 


We are indebted to Miss Lane. the teehmient assistant, tor 


many of the blood sugar determinations. 
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CERTAIN FACTORS THAT INFLUENCE ACETONE PRO- 
DUCTION BY BACILLUS ACETOETHYLICUM.* 


By C. F. ARZBERGER, W. H. PETERSON, ano Fk. B. FRED. 


(From the Departments of Agricultural Chemistry and Agricultural Bac- 
terivlogy, University of Wisconsin, Madison. ) 


(Received for publication, July 3, 1920.) 


INTRODUCTION, 


The production of acetone by the lower organisms has formed 
the subject of a number of recent investigations. During the 
war the great demand for acetone and allied solvents of nitro- 
cellulose and of ‘‘aeroplane dopes’’ stimulated the development 
of processes for the production of acetone on a commercial scale. 


Schardinger (1905) isolated an organism which fermented carbohydrates 
with the formation of ethyl aleohol, acetone, and acetic and formic 
acids. The majority of the carbohydrates were fermented by this organ- 
ism with the formation of these products. Potatoes and potato starch 
proved the best media, and in the presence of peptone and calcium carbon- 
ate acetone equal to 6.9 per cent of the starch, and alcohol] equal to 20.8 per 
cent by weight were found. Acetic and formie acids were also produced, 
the latter predominating. 

The demand for butyl aleohol and acetone in the manufacture of svn- 
thetic rubber from butadiene and isoprene stimulated further research 
for an organism that would produce both of these compounds in quanti- 
ties to be of commercial value. Fernbach and Strange (1912) isolated an 
organism of this type. Weizmann (1915), a student of Fernbach’s, sub- 
sequently isolated a heat-resisting organism, Bacillus granulohacter pec- 
finovorum, from soils and cereals which had the characteristic ability to 
convert starch mainly into acetone and butyl aleohol. This organism 
was then used to produce acetone on a commercial scale by fermenting 
mashes of damaged rice, grain, and horse chestnuts. A factory was suc- 
cessfully operated from January, 1917, to November, 1918, with the pro- 


* Published with the permission of the Director of the Wisconsin Agri- 
eultural Experiment Station. This work was in part supported by a 
grant from the special research fund of the University of Wisconsin. 
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duction of about 200 long tons monthly. In an extensive study of the bio- 
echenustry of this process Speakman (1920) reported the production of 
5,741,275 pounds of acetone, and 12,660,854 pounds of aleohol, or 7.76 per 
eent acetone and 17.25 per cent aleohol of the total 73,463,654 pounds of 
dry corn fermented, 

Northrop, Ashe, and Senior (1919) succeeded in isolating an organism, 
Bacillus acetoethylicum, from old potatoes which possessed certain char- 
acteristics similar to those of Schardinger’s organism in that it converts 
most carbohydrates into ethyl alcohol, formie acid, and acetone. The 
amount was about S to 9 per cent acetone and 14 to 20 per cent aleohol by 
weight of the original earbohydrate. The work of Northrop and his 
eollaborators showed that the optimum temperature for growth and pro- 
duction of acetone was about 43°C. Por the maximum production of 
ecetone the reaction of the medium must be about pH 6.0 to 7.0; an excess 
of calcium carbonate was added to maintain this reaction. This hydrogen 
ion coneentration of the medium for sceetone production was found to be 
very different from that required for optimum growth; namely, pH S.0O to 
90. It was noted that if the medium was first adjusted to the above reae- 
tion a vigorous fermentation took place. This faet was later made use of 
in the plant of the Commercial Solvents Corporation at Terre Hante, 
Indiana, where experiments to produce acetone commercially were car- 
ried out. Before the mash was run into the fermenters, it was brought 
to pH S.A to 9.5 by the addition of lime and it was found that the fer- 
mentation was similar to that obtained in the laboratory experiments. 

Reilly and his collaborators (1920) studied in detail the mechanism of 
the fermentation process for the production of acetone and butvl alcohol 
from earbohvdrate material. In the initial stage of fermentation the 
acidity increased rapidly until the maximum was attained. After this 
point was reached, there was 2 marked gain in the rate of produetion of 
aeetone, butyl aleohol, earbon dioxide, and hydrogen. These investi- 
gators suggested that acetic and butyrie acids were intermediate products 
in the formation of acetone and butyl aleohol. In the presence of eal- 
cium carbonate, they found that the production of acetone and aleohol 
was almost entirely suppressed. When acetic acid was added to the fer- 
menting culture, there was an inereased vield of acetone without any 
change tn vield of butyl aleohol. 


In this paper a study has been made of the products formed, 
the factors influencing the end-products, and the relation of 
these products to one another in the production of acetone by 
Bacillus acetoethylicums 


(Dr. John H. Northrop of The Rockefeller Institute for Medical Re- 
search kindly placed at our disposal, for this work, a pure culture of Bacillus 
acetoethylicum, and we wish to express our thanks to him for this courtesy. 
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EXPERIMENTAL, 


In the fermentation of glucose, sucrose, potato starch, and 
xvlose, 2 per cent solutions were used. The medium consisted of 
0.5 per cent peptone, 0.1 per cent dipotassium phosphate, tap 
water, and the desired carbohydrate. Of this solution 250 ce. 
were placed in 3800 ce. Erlenmever flasks, and the flasks sterilized 
for 30 minutes at 15 pounds pressure. The flasks were next 
inoculated with Bacillus acctoethylicum; to some of these flasks 
CaCO; was added, to others 2 or 3 drops of brom-cresol purple 
were added, and the medium was adjusted to the desired pH by 
adding NaOH. In certain experiments the flasks were con- 
nected to a carbon dioxide absorption trap similar to that used 
by Peterson and Fred (1920), and ineubated at 37°C, 

The acids formed during the fermentation were neutralized 
daily by additions of sterilized | NN sodium hydroxide, except in 
the cultures to which an excess of sterilized calcium carbonate 
was added at the time of inoculation. Here, as with the other 
cultures, the progress of the fermentation was indicated by the 
rapid evolution of gas and frothing of the cultures. In some 
eases further additions of sterilized calcium carbonate were found 
necessary. At the end of the fermentation period, the duration 
of which was approximately 2 weeks, the cultures were analyzed 
for volatile and non-volatile acids, alcohol, acetone, carbon 
dioxide, and unfermented carbohydrates. 

Volatile and Non-Volatile Acids. ~The determination of these 
acids was made in the same manner as has already been described 
in previous publications. 

Alcohol and Acctone.—Yo 75 or 100 ce. of the culture solution 
in a Wjyeldahl tlask, 40 gm. of c. Pp. sodium chloride were added 
and from two-fifths to one-half of the original volume was dis- 
tilled over. The distillate was made up to L100 ce., 50 ce. of which 
were used for the alcohol determination and 50 ec. reserved for 
the determination of acetone. The alcohol was determined by 
oxidizing and distilling a 50 ce. aliquot according to the method 
of Dox and Lamb (1916). After titration with O.1 N barium 
hydroxide, this distillate was evaporated to dryness on ‘he’ steam 
bath and the residue used for the Duclaux determination of acids. 
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Acetone.—The remaining 50 ec. of the aleoholic acetone solu- 
tion were used for determining the amount of acetone in the cul- 
tures by Goodwin's (1920) modification of Messinger’s method. 
A 10 ce. aliquot of the distillate was pipetted into a glass-stop- 
pered bottle, 10 ec. of a 10 per cent solution of sodium hydroxide 
were added, and an excess of 0.1 N iodine solution was run in with 
constant agitation. The bottle was then stoppered and allowed 
to stand 10 minutes, after which 11 ec. of 2. N sulfurie acid were 
added, and the excess of iodine was titrated with 0.1 N sodium 
thiosulfate. 

Carbon Dioxide.-—The earbon dioxide in the culture and in the 
potassium hydroxide of the absorption bottle was determined by 
means of the Van Slyke (1917) apparatus for determining carbon 
dioxide in blood and carbonate solutions. 

(nfermented Carbohydrates.The unfermented carbohydrates 
in the culture were determined by the Brown, Morris, and Millar 
(1897) method. The starch and sucrose were hydrolyzed with 
hydrochloric acid, then clarified with subacetate of lead, and 
aliquots taken for gravimetric analysis. 

The results of the analysis of the glucose, sucrose, potato 
starch, and xylose cultures are given in Table I. The figures 
show the two different types of fermentation obtained by titrat- 
ing the acid produced daily with | N sodium hydroxide, and by 
keeping the alkalinity constant with an excess of calctum car- 
bonate. In the sodium hydroxide series there is formed a large 
amount of volatile acid and a relatively small amount of: alcohol 
and acetone. On the other hand the calcium carbonate series 
shows an inerease in the aleohol and acetone production with a 
corresponding decrease in the volatile acid. The non-volatile 
acid is practically the same in both series. The data of the 
table indicate that the optimum conditions for the production of 
acetone are maintained in cases where calcium carbonate is used 
.o neutralize the acid formed during fermentation. Northrop 
states that when caleium carbonate is used the medium is main- 
tained at pH 6.0 to 7.0. If the medium is more alkaline and 
near the optimum for the growth of Baec/llus acetoethylicum, the 
organism multiplies rapidly and at the same time produces 
sufficient acid to change the reaction to about pH 6.0 to 7.0 
where it is maintained by the caletum carbonate. The pH of 
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some of the cultures which had been fermenting for 4 days in the 
presence of an excess of calctum carbonate was measured and it 
was found that the reaction was pH 5.6 to 5.8. 

An interesting fact noticeable in the fermentation, where the 
acid formed was titrated daily with 1 N sodium hydroxide, was 
the destruction of the indicators. Brom-cresol purple and 
eresol red were used, and after 24 hours of vigorous fermentation 
it was found that the indicators had been reduced. ‘To insure the 
proper reaction, additions of sterilized indicator were made before 
each titration. 

TABLE I. 
Products Formed in the Fermentation of Various Carbohydrates. 
Calculated for 100 Ce. of Cultures. 


Carbohydrate. | “ining” wolatile| Ethyl | Ace: Garbon| mented Tota 
Substance. acetic. drate 
pi gm. gm. gm gm. qm. gm. qm. 
1. Glucose... 6.20 NaOH 0.3192 0.0684 0. 2723 0 0986 0.36340 S696 1 9915 
2. 9.8 CaCO, 0.08690 0522 0.5202 0. 1464 0.6060 1.2117 
3. Suerose.... 6.2. NaOH 0.21360 05220. 1600.0 0399.0. 2517 1.0024* 1.7198 
" 5.8 CaCO, 0.14100 0685 0.4554 0. 2002 0.1789 1 0390 


Starch, 


potato...6.2. NaOH 0.37320 0504 0.2972 0.0733 0 3785 0.3425 1 5149 
6. Starch, | | 
potato... 4.8 CaCO, 0.07040. 06382 0.4329 0.2034 0.3845 1.1544 


7. Xylose.... 6.2) NaOH 0.3480 0.0657 0.4425 0.1568 0.55460.2218 1.7614 


* Fermentation incomplete. 


Identification of Volatile Acids.—The dry residue of the barium 
salts of the volatile acid was taken up with water and filtered to 
remove the barium carbonate. The filtrate was then made up 
to SO ce. and treated with the proper amount of 1 N sulfuric 
acid to liberate the volatile acids. The barium sulfate formed 
was filtered off, and the filtrate was made up to 110 ee. and dis- 
tilled according to the Duclaux procedure. The distilling con- 
stants obtained (Tables Il and III) indicate the presence of both 
acetic and formic acids. The approximate percentages of formic 
and acetic acids in the above cultures were computed according 
to the graphic method of Gillespie and Walters (1917) with results 
as given in Table IV. The results of this table indicate that 
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acetic acid predominates in the fermentation of sucrose and 
potato starch, whereas formic acid is produced more abundantly 
in the fermentation of xvlose. 


TABLE ITI. 
Volatile Acids from the Fermentation of Sucrose as Determined by the Duclauz 
Method. 
Fraction. 


20 ce.) 300ec. 40ce. SO ce. | SOce. Vee. 100 ec. 


Individual frae- | | 

tion, 0.1 ce. ./1.57) 1.72, 1.82) 1.96 2.03, 2.19 2.38 2.70 3.14) 4.10 
Total, 0.1 ce....1.57 3.29, 5.11, 7.07, 9.10:11.29.13.67 16.38719.51) 23.61 
Distilling con-— | | | | | 

stant found....6.6 13.5 21.6 290.9 38.5 47.8 57.8 69.3 82.6 100.00 
Distilling  con- | 

stant caleu- | 

(21.6 290.7 138.2 |47.6 (57.6 (60.0 (82.5 


* Formic 40.55, acetic 59.55 (see Table IV). 
TABLE 
Distilling Constants of Volatile Acids Obtained by the Duclaux Method. 


Fraction 


10 0) 10) 70 | 80 | 90 
ee. ce. Ct. Cc Cet. CC ee er Ge. 
(slucose 7014.6 22.631.059.949 760 071.6844 100 
X vlose | 6.5.13.4 20.9 28.7 37.2 46.2 56.467.981.8, 100 
PABLE IN 


Percentage Composition of the Volatile Acids from the Sodium Hydroxide 


Ne 
Culture lormic Acetic 
end per cent 
Sucrose 1) 55 59 55 
Potato starch 43.32 56 6S 
\vlose.. ot OF 45.96 


A quantitative estimation of the formic acid from the residue 
of the Duelaux distillation was made according to the method of 
Fineke (1913) and substantially the same results were obtained 


as from the Duelauyx distillation. 
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Identification of Non-Volatile Acids.—-Vhe dry residue obtained 
by evaporating the titrated solution of non-volatile acid was 
taken up in water, filtered to free it from any BaCOs;, and again 
evaporated to dryness on a steam bath in a tared platinum dish. 
The platinum dish and residue were dried in an electric oven at 
130°C, until constant weight was obtained, an excess of dilute 
sulfuric acid was added, and the salts were converted into barium 
sulfate by ignition, and then weighed. From the weight of the 


TABLE V. 
Composition of Barium Salts of Non-Volatile Acids. 


Weight of barium sulfate 
. Weight of 
( arbohs drate . barium salt. ( ‘aleuiated for 


Found 


gm. qm. gm. 


Potato starch.......... 09036 0) OG7S 


TABLE VI. 
Distilling Constants of Alcohols of NaOH Series by Duclauxr Method. 


Fraction. 


10 | 20 | 30 | 40 | 50! 60 70 100 


ee. cc cc. cc ec. ce. 


100 
715.8 24.433.042.351.962.173 085.4 100 
715.5 24.133.042.351.661.873 086 0 100 

5.9 24.3 33.142.351.962.273.285.6 100 
715.7 24.232.9 42.251.762.073.185.5 100 
715.8 24.232.841.951.361.572.685.1 100 
5.223.432.040.950 560.671.9844 100 


Potato starch...... 
Glucose....... 
Constants for acetic acid... 


— 
~ 


~ 
* 
wt 


* series. 


dried barium salts the theoretical weight of barium sulfate was 
ealeulated. The slight discrepancy between the found and 
calculated values is probably due to ether-soluble decomposition 
products formed during the sterilization of the sugars. The 
results of this work are given in Table V. 

Identification of Alcohols.-The solution of the barium salts 
obtained by oxidation of the alcohol was evaporated to dryness 
on a steam bath and prepared for the Duclaux distillation in a 
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way similar to that used for the volatile acids. The results 
obtained are given in ‘Table VI. The Duclaux constants in this 
table show that the alcohol produced during fermentation is 
ethyl and that only traces of any higher alcohols are present. 
Northrop, Ashe, and Senior report that ethyl, propyl, and butyl 
alcohols are produced, 


Modification of the Products of Fermentation by Varying the 
Reaction of the Medium. 


it has already been noted that the reaction of the medium 
influences the products of fermentation but, so far, the experi- 
ments have been limited to only two reactions, pH 5.8 to 6.2. 
Further tests of this point were made in which 2 per cent sugar 
solutions containing varying amounts of 1 N NaOH or ealeium 
surbonate were fermented. No attempt was made to maintain 
constant the reaction of the medium by the use of a high concen- 
tration of buffer substances. 

7.5 gm. of peptone and 1.5 em. of K.HPO, were dissolved in 
1.5 liters of tap water. Portions of 250 ce. of this medium were 
then pipetted into 300 ce. Erlenmeyer flasks, and 5 gm. of either 
glucose or sucrose were added to each flask. After sterilization 
one flask each of glucose and sucrose was inoculated and an excess 
of CaCO; added. A second pair of glucose and sucrose flasks 
was inoculated, 4 drops of sterilized brom-cresol purple were 
added, and the pH of the medium was adjusted to the indieator 
by adding sterilized 1 ~N NaOH. To a third pair of flasks, 2 ec. 
of sterilized cresol red were added and the medium was similarly 
adjusted with NaOH. These last four flasks were closed with 
two-hole stoppers. Through one hole was inserted a short piece 
of glass tubing, to the upper end of which was fastened a piece of 
rubber tubing plugged with cotton and closed with a screw-clamp. 
Through the second hole was passed a piece of glass tubing bent 
at an angle of about 60° and drawn out to a capillary point. 
The flasks were incubated at 37°C. and sterilized 1 N NaOH and 
indicator were added as the fermentation progressed. At the end 
of 14 davs the cultures were removed from the incubator and 
analvzed. The results given in Table VII show the effect of 
varving the hydrogen ion concentration on the volatile acid, 
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TABLE VII. 


Comparison of Products Obtained under Various Reactions of Media. 
Calculated for 100 Ce. of Culture. 


| | Neutral-, Volatile 
Carbohydrate. Reaction. izing acid | Acetone. — 
| substance.' asacetic. | 4 
| rates. 
pH | gm. | gm | gm. | gm. ee 
Glucose..............| 5.8 | CaCO; | 0.0720 | 0.4117 | 0.1359 | 0.2296 A 
6.2* NaOH | 0.3276 | 0.3128 0.0685 | 0.3492 
8.0¢ | NaOH | 0.5040 | 0.2088 | 0.0995 | 0.3235 
Sucrose.............. 5.8 CaCOs | 0.2556 | 0.4752 | 0.1064 0.4865 
| NaOH | 0.4404 | 0.5060 | 0.1531 | 0.4606 
8.0 | NaOH | 0.5400 | 0.3468 | 0.1207 | 0.5074 
* Brom-cresol purple. y 
Tt Cresol red. 
Periooce. VOLATILE ACID | 
of culture VA ALCOHOL 
| BS ACETONE 
0.5+— r 4 
~ 
| 
Wy 1 
VLA 
| WU | 
YY | 
Vi} Yy 
V//; 
pH 6.2 


GLUCOSE POTATO STARCH | 


Kic. 1. The influence of varying the reactions of the medium on the 
products of fermentation. 


acetone, and alcohol production. The data from the CaCQOs 
cultures are comparable to those obtained in the first experiment 
with the exception that the fermentation was more nearly com- 
plete. An increase in the pH of the medium results in an increase 
in volatile acid and a deerease in alcohol production. “The non- 
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volatile acid remains practically constant and in amounts approx- 
imating those in Table I. A graphic representation of the change 
of products brought about by varving the pH is given for the 
two carbohydrates, glucose and starch. Both the table and 
Fig. 1 show the pronounced influence of the pH of the medin in 
determining the relative amounts of the products formed. In a 
second parallel experiment, CaCO, was omitted and the different 
reactions were obtained by means of sodium hydroxide only. 
The cultures were adjusted to pH values of 5.5, 6.5, 7.5, and 8.5, 
inoculated, and after 10 days incubation were analyzed. The 
culture with pH 5.5 did not ferment very readily as indicated 
by the results of the analysis in Table VIII. The percentage of 
the total products, however, shows the same decrease of alcohol 


TABLE VIII. 


Comparison of Products of Fermentation at Different Reactions. 
Calculated for 100 Ce, of Culture. 


Carbohydrat Re- | Volatileacid | piny)alcohol.| Acet 

action as acetic. ‘thy? atconot, Acetone. 

pil gm gm. gm. | cent® qm 

Glucose. ..... 5.5 0.2364 51.5 0.1766 38.5 0.0459 10.0 0.4589 


5 
5 0.4116 55.3 0.2493 33.4 0.0844 11.3 0.7453 
5 0.4056 56.1 0.2641 36.5 0.0536 7.4 0.7233 
5 0.6522 64.3 0.3220 31.7 0.0413 4.0 1.0155 


* These figures represent the percentage of the total products obtained. 


and acetone production with an increase in the pH as given in 
Table VII. From these two sets of experiments which in general 
confirm each other, it will be seen that the products of fermenta- 
tion are to a great degree dependent upon the reaction of the 
medium. <A decidedly acid reaction favors the formation of :ce- 
tone and decreases the production of acid. 


Fermentation of Potato Starch in the Absence of Caleitum Carbonate. 


‘The object of this experiment was to determine the rate of 
acid, alcohol, and acetone production. A medium of the follow- 
ing composition was prepared: 5 liters of city tap water, 50 gm. 
of peptone, 5 gm. of di-basic potassium phosphate, and 100 gm. 
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of potato starch. 500 cc. of this medium were removed and 100 
cc. aliquots of it were transferred to 150 ce. Erlenmeyer flasks. 
These flasks were sterilized at 15 pounds pressure for 30 minutes 
and then inoculated with Bacillus acetoethylicum and incubated 
ut 37°C. for 52 hours. 100 ce. of this inoculum were added to 
the remaining sterile 4,500 ce. of medium in a 5 liter flask and 
incubated at 387°C. The flask was never removed from the 
incubator during the time of active fermentation. \ complete 
hydrolysis of the starch and vigorous fermentation and evolution 
of gas had taken place within 18 hours, at which time the first 
analysis was made. At various intervals from this time, 180 ce. 
portions of the culture were withdrawn under sterile conditions. 
Duplicate portions of 10 ec. each were titrated directly with 0.1 
N barium hydroxide, and 50 cc. were acidified with sulfurie acid 
and subjected to steam distillation for the determination of 
volatile acids. The non-volatile acid was determined in a few 
cases on the residue from the above distillations as previously 
described. The alcohol was determined on 100 ce. of culture as 
outlined in the first experiment. ‘Tests for acetone were made on 
portions of the alcohol distillate, but no positive tests were 
obtained until the time indicated on the chart. No acetone could 
be detected until 299 hours after inoculation. A well defined test 
was obtained at the end of 395 hours but is not indicated in Fig. 2. 
This production of acetone at these points seems to be coincident 
with the fall in acidity. Speakman (1920), working with /aecillus 
granulobacter pectinovorum, has observed the same phenomenon 
and makes the statement that without this fall of acidity no 
acetone is produced. He also obtained an increase in acetone 
production by adding various organic acids to his media, which 
would further substantiate the theory that acetone is produced 
from acetic or other acids. His experiments show that in the 
higher fatty acid series the vield of acetone is diminished in a 
regular manner, and the products of alcohol increase. 

From unpublished data it has been found that acetaldehyde 
is formed as an intermediate product, and it is possible that the 
acetone is produced from this compound by condensation, oxida- 
tion, and decarboxylation. Raistrick and Clark (1919) state that 
it is one of Weizmann’s unpublished observations that Bacillus 
granulobacter pectinovorum probably produces acetone from the 
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carbohydrates of maize by the decarboxylation of aceto-acetie 
acid. The exact nature of the mechanism of acetone formation 
is still unsolved. The data on which Fig. 2 is constructed are 
given in Table IX. 

The hydrolysis of potato starch in the first stages of fermenta- 
tion presents another interesting problem. These hydrolytic 
changes, indicating enzyme activity, were observed about 12 
hours after inoculation, and continued until the solution was 
pertectly clear at the end of about 36 hours. Potato starch 
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Fig. 2. Curves showing the rate at which different products are formed. 


medium, treated with fresh inoculum and toluene, when ineu- 
bated, showed similar changes. Starch medium, to which was 
added a portion of an active culture, which had been passed 
through a Berkefeld filter, also showed enzyme activity. 

Samples of the above cultures produced a red color with iodine 
solution, and a finely divided suspension with two volumes of 
acetone or alcohol, showing the presence of some dextrins. 

These experiments, though not conclusive, indicate that some 
enzymes are seereted which liquefy and hydrolyze the starch 
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probably into dextrin and sugars, which are then utilized by the 
organism in the formation of the various products of fermentation. 

Samples of a fermenting potato starch culture, when tested 
with Febling’s solution, showed no sugar. Determinations on 


TABLE IN. 


Rate of Formation of Different Products. 


0.1 N acid in l00ce. of culture. 
Time after 


| werd, tile acid. 
1920 Ars. ee. | ee, ce. ce. 
38 | 21.6 | 17.4 | 20.6 
Roe, SY 22.1} 1.8 5 42 26.6 
149 25.0 20.4 33. 


aliquots of solutions of the above experiments vielded only 
traces of a reducing sugar. If reducing sugars are formed in the 
fermenting culture they are fermented by the organism so rapidly 
that none accumulates in the culture. 


4 
¢ 


« 


a 
$44 
> 
3 
fe: 
ot 
> 
j 
; 
x i 
4 
€ 
t 
4 
* 
> 
; 
4 
3 
all 


fe, 


47S Acetone Production by Bacteria 
CONCLUSIONS, 


Bacillus acetocthylicum ferments glucose, sucrose, potato 
starch, and xylose in a peptone-phosphate medium with the 
production of acetic, formic, and lactic acids, ethyl aleohol, 
acetone, and carbon dioxide. These products represent from 90 
to 95 per cent of the sugar fermented. In a 2 per cent solution 
75 to SO per cent of the original carbohydrate is fermented within 
10 to 15 days. 

The optimum condition for acetone production is at a pH. of 
5.8 to 6.0. The influence of the reaction of the medium has 
a very marked effect upon the products formed. An alkaline 
medium maintained at about pH 8.0 is fermented by Bacillus 
acetoethylicum with the formation of large amounts of volatile 
acids, and comparatively small amounts of aleohol and acetone. 
A balance must therefore exist between these three products in 
the fermentation of the above carbohydrates. An increase in 
the volatile acid content signifies a corresponding decrease in the 
amount of alcohol and acetone present. Vice versa, an inerease 
of acetone and alcohol, where the fermentation takes place under 
optimum conditions for the production of these products, is 
accompanied by a decrease in the yield of volatile acids. Acetone 
is not produced immediately in new cultures, but is formed after 
several days of fermentation. 

The volatile acid formed is composed of about 45 per cent 
formic and about 55 per cent acetic. 

with traces of some higher alcohols, pro- 
duced in amounts varying from 8 to 25 per cent, depending upon 
the reaction of the fermenting medium. 

Small amounts of non-volatile acid are produced; this acid 
has been shown to be lactic. 

Potato starch medium when inoculated with Bacillus aceto- 
cthylicum is first liquefied and then goes through a process of 
hydrolysis. No reducing sugars have been detected in a ferment- 
ing culture of this kind. Cultures previously treated with toluene, 
or freed from organisms by filtration, also produced similar 
changes in a starch medium. ‘Traces of reducing sugars were 
found, and a characteristic red color was always produced when 
treated with iodine solution. The hydrolysis of starch into 
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dextrin-like substances indicates the liberation of enzymes by the 
bacterial cell which function as hydrolytic agents. The negative 
tests for reducing sugar do not exclude the probability of their 
formation during bacterial activity, for the sugars may be utilized 
by the organism as rapidly as they are formed. 
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DIHYDROXYPHENYLALANINE, A CONSTITUENT OF 
THE VELVET BEAN.* 


By EMERSON R. MILLER. 


(From the Alabama Agricultural Experiment Station, Auburn.) 
(Reeeived for publication, September 23, 1920.) 


Shortly after beginning a chemical investigation of the velvet 
bean Stizolobium deeringianum Bort the writer observed that 
an aqueous extract of the beans soon became colored when ex- 
posed to the air, passing through several shades of color, finally 
becoming black. 

It was thought at first that this behavior was due to the action 
of an oxidizing enzyme upon a p-hydroxypheny! compound occur- 
ring in the beans, but it later became evident that an enzyme is 
not necessarily concerned in the reaction. This conclusion is 
supported by the facet that an extract of the beans prepared by 
boiling with strong alcohol, filtering, and evaporating to dryness 
will in a short time turn black if mixed with water and kept 
exposed to the air. 

Further examination developed the interesting fact that both 
the aqueous and the alcoholic extracts react with ferric chloride 
producing a light green color which changes to a beautiful reddish 
purple upon the addition of sodium carbonate or other alkali or 
by the addition of sodium acetate. 

It was also observed that both aqueous and alcoholic extracts 
beeame colored reddish to brown immediately upon addition of 
an alkali, the degree and shade of color depending upon the 
strength and concentration of the alkali. This phenolic substance 
is sensitive to such weak organic bases as pyridine and quinoline. 
The moist powdered beans when mixed with either of these bases 
and exposed to the air became colored more rapidly than the 


* Published with the permission of the Director of the Alabama Agri- 
cultural Experiment Station. 
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moist powder alone. With strong organie bases such as piper- 
idine and benzylamine the production of color is much more 
pronounced. 

These reactions indicate that the phenolic substance is either 
pyvrocatechin or a pyrocatechin derivative. The fact that an 
alcoholic extract which gave no reaction for protein did give a 
pronounced test for nitrogen suggested that the compound in 
question might be an amino-acid and at this point it was learned 
that Torquati,' in 1913, had separated from seedlings and from the 
pods of Viera faba a nitrogenous substance which in its chemical 
reactions showed striking resemblances to this phenolic substance 
now separated from velvet beans. Also that Guggenheim? a 
little later had separated the substance from the pods of Vieza 
faba and had identified it as the amino-acid, 3-4-dihydroxyphenyl- 
10% S—CH:—CH(NH,)COOH, which Funk? had 
synthesized in L911, starting with 3-4-carbonyldihydroxybenzal- 
dehyde and hippuric acid, following the method of Erlenmeyer 
and Halsey! for the synthesis of tyrosine. 


alanine, 


Separation of the Phenolic Substance. 


Following, in the main, the methods of Torquati and Guggen- 
heim, the author extracted a quantity of the powdered beans by 
maceration and percolation with a weak aqueous solution of sulfur 
dioxide containing a small amount of acetie acid. The clear 
liquid which resulted was then treated with a 20 per cent solution 
of neutral lead acetate as long as a precipitate was formed. After 
filtration, which im some cases was ditheult, the hltrate was made 
slightly alkaline with ammonia water, which caused precipitation 
of the lead compound of the amino-acid. This was filtered off, 
washed, suspended in water, and decomposed by a current of 
hydrogen sulfide. After removal of the precipitated lead sulfide, 
the filtrate was evaporated to dryness on a water bath under 


! Torquati, T., Arch. farm. sperim., 1913, xv, 213, 308. 

2 Guggenheim, M., Z. physiol. Chem., 1913, lxxxviii, 276. 

> Funk, C., J. Chem. Soc., 1911, xeix, 554. 

*Erlenmever, k., Jr.. and Halsey, J. T., Ann. Chem., 1899, ecevii, 138; 
Ber. chem. Ges., 1897, xxx, 
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diminished pressure in a current of carbon dioxide. The residue 
was crvstallized from hot dilute alcohol. The erystalline sub- 
stance was found to have a melting point of 275-276° with decom- 
position. The compound obtained by Torquati melted at 273- 
275° and Guggenheim reported the melting point of his compound 


to be 280°, 
Preparation of the Tribenzoyl Derivative. 


1.5 gm. of the amino-acid in 300 ec. of a 10 per cent aqueous 
solution of sodium bicarbonate were mixed with 9.5 gm. of ben- 
zovl chloride and shaken until the odor of the latter had practi- 
eally disappeared. The brown, amorphous mass which separated 
was filtered off, washed, dissolved in glacial acetic acid, and again 
precipitated by pouring the solution into water. The substance 
which separated was filtered off and erystallized from alcohol. 
After reerystallization the substance was obtained in the form 
of small colorless needles. The melting point was found to be 
fairly sharp at 170°, with some decomposition. For the corre- 
sponding derivative of his compound Guggenheim reported the 
melting point 170° (not sharp). 

A Kjeldahl nitrogen estimation of the tribenzoyl derivative 
gave the following result. 0.287 gm. of the substance vielded 
sufficient ammonia to neutralize 6.0 ce. of 0.1 N sulfurie acid, corre- 
sponding to 2.92 per cent of nitrogen. (Guggenheim found 2.9 
per cent of nitrogen in his tribenzoyl derivative. The formula 


COOH 


requires 2.75 per cent of nitrogen. In the present case not all the 
substance used for the nitrogen determination was as pure as the 
portion used for the melting point determination, which probably 
accounts for the somewhat high result. 


Conversion into Protocatechuic Acid. 


A small amount of the substance under investigation was fused 
with about ten times its own weight of potassium hydroxide, 
cooled, taken up in water, acidulated with sulfuric acid, and ex- 
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tracted with ether. After standing a short time there was formed 
in the thick, dark brown residue left by distilling off the ether a 
quantity of fine needle-shaped crystals. These were found to 
be readily soluble in water or alcohol, somewhat less so in ether, 
and very sparingly soluble in boiling benzene by means of which 
the substance was separated and purified. The melting point 
was found to be 197°. For his compound Guggenheim found the 
melting point 195°. Works of reference generally give the melt- 
ing point of protocatechuic acid as 198—-199°. 

The substance obtained by this alkali fusion also agreed with 
protocatechuic acid in that it gave with ferrie chloride a bluish 
green color which was changed to a deep red upon the addition 
of sodium carbonate. 


Solubility and Reactions of the Amino-Aeid, 


So far water seems to be the best solvent for this compound 
since no other solvent used extracts it from the powdered beans 
so readily; however, on account of its instability in water in the 
presence of air an effort was made to find an organic solvent for 
it. Of a great many liquids tried only ethyl and methyl alcohols 
could be used. Inether, petroleum ether, acetic ether, chloroform, 
benzene, acetone, and many others it is practically insoluble. 
With dry powdered beans and dry solvent it is not extracted even 
by boiling with the liquids named. 

Both methyl and ethyl alcohol extract it in the cold, though 
very slowly. The process is hastened by the use of heat, but even 
at the boiling point these solvents extract it slowly. Eextrac- 
tion with hot 50 to 75 per cent aleohol will probably prove to be 
most satisfactory. 

The identity of the compound separated from velvet beans with 
that separated by ‘Torquati and Guggenheim from the pods of 
Viera faba is further shown by complete agreement of their 
chemical reactions, as follows: 

1. With ferric chloride it) produces a green color which is 
changed to reddish purple upon the addition of an alkah. 

2. With alkalies alone it turns reddish brown, finally black. 

3. It immediately reduces an ammoniacal solution of silver 
nitrate. 
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4. An aqueous solution of the amino-acid dissolves freshly pre- 
pared copper carbonate forming a blue or greenish blue solution 
in which a black flocculent substance quickly forms. 

5. An aqueous solution slightly acidulated with sulfuric acid 
immediately decolorizes a solution of potassium permanganate. 

6. With a solution of mereuric chloride in distilled water it 
seems to produce no color, but upon the addition of a small 
amount of sodium acetate there is produced a bright red color. 
Usually if hydrant water is used the red color is produced at once. 

7. When a small amount of the substance in aqueous solution 
is added to a solution of potassium ferricyanide containing some 
ferric chloride a blue or greenish blue color is produced immedi- 
ately, showing that reduction has occurred. 

8S. With a dilute solution of 1odine, or bromine or iodie acid, it 
produces a pink to red solution depending upon concentration. 

9. With potassium ferrievanide solution it produces a deep red 
color. 

It is of some interest to note that in all these reactions the 
amino-acid behaves like the base adrenalin. 

10. An aqueous solution of this substance produces decided 
effervescence when mixed with nitrous acid. This is in harmony 
with its amino-acid character. 


Presence of the Amino-Acid in Other Varieties of Velvet Beans. 


So far the writer has actually separated the previously men- 
tioned amino-acid only from the seed of the Early Speckled or 
(ieorgia velvet bean, but most of the reactions given above were 
applied to aqueous extracts of twenty-six varieties of velvet beans 
obtained from the Alabama, Georgia, and Florida Agricultural 
Experiment Stations. In all cases the characteristic reactions 
of the amino-acid were obtained. The same reactions were also 
obtained with extracts of the Yokohama® and Lyon® beans. It 
is therefore highly probable that 3-4-dihydroxyphenylalanine is a 
characteristic constituent of the seeds of plants of the genus 
Strzolobriam., 

Seeds from several species of other genera of the family Legu- 
minosze were tested in the same way but with negative results. 


Stizolobium hassjoo Piper and Tracy. 
© Stizolobium niveum (Roxburgh) Kuntze. 
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Pharmacological Action. 


Of even greater interest than the chemical constitution of this 
substance is the question of its pharmacological action. 

As the result of experiments upon guinea pigs Guggenheim 
concluded that the substance is rather indifferent pharmacologi- 
cally. 

However, in an experiment upon himself in which he took 2.5 
gm. by mouth he experienced great distress within about 10 
minutes and vomited twice, thus showing that the substance is 
not wholly harmless. 

At the Florida Agricultural Experiment Station several persons 
ate small amounts of cooked Lyon beans with the result that some 
who ate of them experienced both vomiting and purging. 

When one considers that this substance is rather closely related 
chemically to the powerful base adrenalin it is quite probable 
that long continued feeding of velvet beans might cause such 
harmful results as have been observed. 

Further work upon this amino-acid is in progress. 
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A TEST FOR ANTIBERI-BERI VITAMINE AND ITS 
PRACTICAL APPLICATION.* 


By CASIMIR ano HARRY E, DUBIN, 
(From the Research Laboratory of H. A. Metz, New York.) 


PLATE 1. 


(Received for publication, August 11, 1920.) 


INTRODUCTION, 


In 1912, one of us (C. F.) experimented with antiberi-beri 
vitamine to see if it could act as a coferment in aleoholie fermen- 
tation. The experiments were unsuccessful at that time, but 
now through the work of Williams,' Bachmann,’ and Eddy and 
Stevenson’ the subject has attained new interest. Their results 
seem to prove that vitamine activity can be measured by the 
growth of veast cells, and would permit of dispensing with ani- 
mal experimentation in the initial stages of vitamine fractionation. 

Because of the uncertainty of the Bachmann fermentation test 
and the complicated procedure of Eddy’s test, it was thought 
desirable to develop a more simple method which would facilitate 
our contemplated vitamine fractionation work, which we shall 
discuss in detrul later on. 

Since our preliminary communication, Williams! has published 
a method somewhat analogous to ours but not quite so easily or 
so quickly manipulated. 


* Read before the Society for Experimental Biology and Medicine, 
New Haven, May 22, 1920. 

Williams, R. J., J. Biol. Chem., xxxviil, 465. 

? Bachmann, F. M., J. Biol. Chem., 1919, xxxix, 235. 

‘Eddy, W. H., and Stevenson, H.C., Proc. Soc. Exp. Biol. and Med., 
1919-20, xvi, 122 

‘Williams, R. J., J. Biol. Chem., 1920, xl, 259. 
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Method. 


Our procedure is as follows. A yeast suspension is prepared 
by shaking a loopful of a 48 hours pure veast culture in 100 ec. of 
Nigeli solution on a shaking machine for 3 hours. Duplicate 
sets of tubes (ordinary bacteriological test-tubes) are prepared 
containing: 

(1) 4 ee. veast suspension + 5 ce. Nageli + 1 ce. water. 

(2) 1 ee. unknown vitamine solution + 5 ee. Nigeli + 4 ce. 
water. 

(3) 1 ec. unknown vitamine solution + 5 ec. Nigeli + 4 ce. 
veust suspension. 

The tubes are incubated for 20 hours at 30°C., and the fer- 
mentation is then interrupted by heating the contents of the 
tubes to 75°C. in a water bath for a few minutes. This step is 
of importance as otherwise the continuing fermentation would 
interfere with the subsequent centrifugation. The contents of 
the tubes are now transferred to special centrifuge tubes, the 
bottom part of which ends in a capillary 2.5 em. long and divided 
into mm., as shown in the full size photograph (Fig. 1). The 
transfer is made quantitatively by washing four times with 1 ce. 
portions of water. A piece of wire about half the size of the 
capillary is then used to force the air out of the capillary of the 
centrifuge tube, and the wire washed with a few drops of water. 

The tubes are now centrifuged at about 2,500 revolutions per 
minute for 15 minutes, and the reading on the eapillary is made 
without much delay as there is a tendency for the veast cells 
to swell slightly after a time. The centrifuge tubes are easily 
cleaned with the aid of the piece of wire, used as a ramrod. 

The reading of Tube Ll constitutes the blank and must be 
subtracted from the reading of Tube 3; Tube 2 shows no growth 
of veast cells and is included in the test merely as an extra con- 
trol. Sterility during the entire process, excepting centrifuga- 
tion, is of paramount importance. A microscopic examination 
of the centrifuged mass showed well formed veast cells only. 

The above procedure was so well standardized that the con- 
trols with yeast suspension and Nigeli alone were practically 
eonstant at 3.5 mm. Tests which did not give a reading of at 
least 4.5 mm. were considered to indicate the inactivity of the 
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substance the vitamine content of which was being investigated. 
Duplicate experiments checked very well, so that the method 
appeared to be appheable for a quantitative determination. — It 
was noticed, however, that the amount of growth of veast cells 
obtained, as shown by the reading of the centrifuge tube, does 
not double if the amount of vitamine is doubled. 

By trying varving amounts of vitamine, a curve was estab- 
lished—using autolvzed veast as a source of vitamine and as a 
standard—by which it is possible to approximate the vitamine 


Mm 
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© 


Q.0 0.1 0.2 0.3 04 0.5 0.6 Q7 0.8 0S 
Ce. of autolyzed yeast 
Carr tl. Vitamine activity shown by increasing amounts of autolyzed 


yeast. 


content of an unknown substance in terms of the standard, 
autolvzed veast. 

The method is sensitive to O.0OOL ec. of autolyzed veast, but 
the test is best arranged so that the amount of unknown sub- 
stance used corresponds to 0.05 ec. of autolyzed veast, since in 
the interval between 0.01 and 0.1 ec. of autolyzed veast the curve 
climbs up abruptly and small differences can be read with facility. 

It will be noticed (Chart 1) that although the curve as a whole 
tends to flatten out, that part of the eurve between 0.01 and 0.1 
ec. is practically a straight line, and it is this part of the curve, 
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3 


plotted separately (Chart 2), that is best used in determining 
the activity of a substance. 
inous growth of veast cells, the solution being tested may be 
diluted so that the amount taken for a test (1 ee.) will give a 
result that will be readable on Chart 2. 


Should the test vield a too volum- 


0.01 002 003 004 005 006 O07 O08 009 Ol 
Cc. of autolyzed yeast 


Cuarr 2. Vitamine activity shown by increasing amounts of autolyzed 


veust. 

Mm 
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Cc. of yeast Suspension 


Cuarr $5. Effect of varying amounts of yeast suspension, 


In order to determine whether or not the amount of veast 


suspension used in the test has any effeet upon the final results, 
2 series of experiments was made in which the amount of auto- 
Ivzed veast was constant (0.0L ce.), while the quantity of veast 
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suspension was varied from 0.5 to 5.0 ec. Chart 3 shows that 
the variation of the amount of veast suspension has verv little 
effect on the final result, as obtained by our method, whereas in 
Mddy’s method the number of cells incubated varies the controls 
to an undesirable extent. 


DISCUSSION. 


Using, as we did, autolyzed veast as a source of antibert-beri 
Vitamine, we have evidence in the flattening out of our curve 
that there are inhibiting substances present. In no case did we 
find an exact direct proportionality. This shows that at present 
the method cannot be apphed for the purpose of comparing 
the vitamine content of different substances, because not only 
the amount of vitamine but also the inhibitory substances may 
vary. It may be noted here that Williams* did obtain a propor- 
tionality in certain concentrations, using a vitamine solution of 
unstated origin, but he also notices the presence of inhibitory 
substances. At any rate, for the purposes of approximating the 
Vitamine activity under usual conditions, our veast curve is 
of greater advantage than that of Williams because the natural! 
veast extract used compares with natural extracts of substances 
to be tested. 

We must, of course, be carefulin interpreting results obtaimed 
by any of the present methods. A negative result may simply 
mean the presence of inhibitory substances, whereas a positive 
result very likely indicates the presenee of antiberi-beri or 
B vitamine. However, in working with one substance only, as 
for example autolyzed veast, the results obtained are of real 
value in showing the extent of activity and the removal of inhibi- 
tory substances at various stages of veast fractionation and 
purification, 

Our findings suggest that in curing beri-berl pigeons or in 
studying growth in rats, we may encounter the same difficulty; 
namely, that treating with crude vitamine-containing substances 
may give us the results as affected by the presence of inhibiting 
elements, and may not be at all indicative of the true value of 
the substance fed. 

We feel also that a quantitative estimation of the vitamine 
content of any product is possible only if the factor of inhibition 
ean be removed or obviated. 


y 
= 


ba. 


| 


4 


3 
§ 
t 
4 


492 Antiberi-Beri Vitamine 


Specificity Tests. 


After a method well suited to our needs had been developed, 
it was then believed worth while to determine how far the test is 
specific for antiberi-beri vitamine. To this end, various sub- 
stances were tried with results as shown in Table I. 

Very small amounts of purified vitamine fractions from veast 
prepared by Funk® in 1912 and analyzed in 1913 still retained 
their activity though somewhat attenuated. Eddy has likewise 
tested these fractions with similar results. 

Urine exhibited activity, thus corroborating Muckenfuss® and 
Gagho,? who also found vitamine in urine. This test may prove 
to be of clinieal value later on, but possibly blood could be used 
to greater advantage for diagnostic purposes. 

Saliva was found inactive, and this was also the case with 
polished rice, in spite of the recent statement of Green*® to the 
contrary. 

Corn and wheat, separated from the germ by the method of 
Voegtlin and Mvers® still exhibited considerable activity although 
about ten times less than that shown by the germ-containing 
portion, 

Among the substances showing no activity were leucine, 
tryptophane, allantoin, hyvdantoin, nicotinie acid, a mixture of 
ten purine and pyrimidine bases, and a mixture of six amino- 
acids. 

extracted meat and starch, Crisco and lard, autoclaved at 30 
pounds for 3 hours, showed no activity. These extracted and 
autoclaved foodstuffs are now being used in our laboratory for 
dietary experiments with rats. We are using this method of 
establishing the absence of vitamine B from the experimental 
diets. 

Orange juice was found to be active but on shaking with full- 
ers’ earth (50 gm. per liter) for 6 hours it lost some of its activity; 
shaking with 200 gm. per liter removed all the active substance 


from orange juice. 


° Funk, C., J. Physiol., 1912-13, xlv, 75; 1918, xlvi, 173. 

®* Muckenfuss, A. M., J. Am. Chem. Soc., 1918, xl, 1606. 

? Gaglio, G., Policlinico, 1919, xxvi, 13881. 

*Green, H. H., South African J. Sc., 1918, xiv, 483. 

* Voegtlin, C., and Myers, C. N., Am. J. Physiol., 1919, xlviii, 504. 


a 
‘3 
| 
| 
| 
= 
tae 
5 
i 
3 
‘ 
= 


| 


j 


C. Funk and H. E. Dubin 493 


TABLE 
Specificity Tests. 


Substance tested. Activity.® 
mr 
0.6 mg. crude vitamine fraction (1912)................ 2.0 

100 mg. corn (minus tlie; 5.0 
100 mg. wheat (minus the germ)..................... 3.5 
100 germ. . 6.5 
shaken for 6 hrs. with fullers’ 

earth (50 gm. per liter)... 3.5 
1 ce. orange juice shaken for 6 hrs. with fullers’ 

0.05 ce. autolyzed yeast 11.5 
0.05 * shaken with fullers’ earth 

0.05 ec. autolyzed yeast shaken with fullers’ ‘arth 

20 “ nicotinic acid.. 
Negative 

0.01 ce. cod liver oil (watery extract).. 0) 
ce. of a solution representing 10 mg. 
mixture of ten purine and pyrimidine bases _ Negative 
| ce. of a solution representing 10 mg. each of a- 
0 


* It should be borne in mind that a blank determination is run with 


every test and that the figures in the ‘‘activity 


column represent actual 


readings with the blank already subtracted. 
+ A ‘‘zero’’ reading means that the actual reading was exactly the same 


as the blank. 
A ‘‘negative”’ 


+ 
+ 


result signifies that the actual reading obtained was 


less than the blank, which would indicate that there has been some inhi- 


bition which retarded the growth of the yeast cells. 
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Autolyzed veast, shaken with fullers’ earth (200 gm. per liter), 
had lost the greater part of its activity; larger amounts of fullers’ 
earth would undoubtedly remove all the antiberi-beri vitamine. 

A watery extract of cod liver oil proved to be inactive. 

Pilocarpine, found by Dutcher!? to be curative for beri-beri 
pigeons, showed no activity, while desiecated thyroid gland was 
active, as it contained some cellular constituents. Pituitary gland 
was likewise found active, for the same reason. These alleged 
curing experiments with pilocarpine and thyroxin are most likely 
due to stimulation of metabolism and setting free of the vitamine 
in the organs. 


[ntluence of Various Reagents and Procedures on the Vitamine of 


Autolyzed Yeast. 


As a preliminary to a svstematic fractionation of autolyzed 
veast, we studied the activity of the veast under varving condi- 
tions. A definite amount of the veast was treated in a certain 
way after which its activity was tested, and, since the quantity 
of veast ultimately taken for a test always corresponded to 
0.05 ce. of the original veast, the results obtained were directly 
comparable with each other. The following is a brief résumé of 
our findings, as recorded in Table II. 

1. Oxidation with oxygen and platinum sponge has no effect 
upon the activity. 

2. Reduetion with palladium chloride and hydrogen increases 
the activity, either because of a true reduction of the vitamuine 
or beeause of the removal of some inhibiting substances. 

3. Oxidation with potassium permanganate in neutral and in 
acid media reduces the activity. 

t. Oxidation with hydrogen peroxide prevents the growth of 
veast cells, but if the peroxide is removed before making the 
test then no lessening in the activity results. This indicates 
that the mere presence of peroxide, and hkely of permanganate 
too, serves to prevent the growth of veast cells. 

5. Reduction with zine dust and sulfurie acid increases the 
activity. 


19 Duteher, R. A., J. Biol. Chem., 1919, xxxix, 63. 
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6. Addition of zine dust to veast has no effect upon the activity. 

7. After precipitating with lead acetate, removing the lead 
with H.S, there is a marked increase of activity due undoubtedly 
to the elimination of certain impurities. 

8. Precipitation with silver acetate slightly reduces the activity. 

9. Both mercuric sulfate and mercuric chloride precipitations 
increase the activity. 

TABLE I, 


Influence of Various Reagents and Procedures on the Activity of Autolyzed 


Yeast.* 
No. Method of treatment. Activity 
l Filtered through Berkefeld 10.5 
3. Oxidation with platinum sponge and oxygen for hrs. 10.5 
 Reduetion with palladium chloride and hydrogen for 
5 ‘Treatment with nitrous acid........ 11.5 
6 Oxidation with hydrogen peroxide... Negative. 
7 Same as No. 6 but with peroxide removed before 
s Reduetion with zine dust and sulfurie acid 15 0 
10 Boiling for 3 brs. with acetic anhydride Negative. 
Li Oxidation with potassium permanganate 1.8 
12. Same as No. 11 in the presence of sulfuric acid 3.0 
13 Lead acetate 20.0 
14 | Silver “ 3 S 0 
15 Mercurie sulfate Q § 
16 chloride 0 
17 Iixtracted with ether and ether extract tested 10 


* See foot-notes to Tables I and III. 


10. Nitrous acid increases the activity somewhat.  MeColhumn 
and Simmonds" also have found that B vitamine is not affected 
by nitrous acid. 

Ll. Ither of itself extracts nothing that is active from auto- 
lvzed veast, but to the slight extent that veast is soluble in ether, 
the ether extract shows a correspondingly slight activity. 


MeColham, V.. and Simmonds, N., J. Biol. Chem., xxxiit, 55. 


rik JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. XLIV, NO. 2 
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Fractionation of Autolyzed Yeast. 


The starting pomt in this work was an extract of autolyzed 
veast, because such an extract is very rich in antiberi-beri vita- 
mine. For example, two extracts were prepared; (1) by the 
method of Osborne and Wakeman,” and (2) by our method 
which consisted of autolyzing the veast and then boiling it to 
remove the coagulable protein. The same quantity of veast 
was used in each case and the final concentration in each was the 
same. It is of interest, therefore, to note that whereas the first 
extract—according to the method of Osborne and Wakeman— 
contained only one-fifth of the nitrogenous substances present 
in the second extract, the latter was many times more active than 
the former in spite of the large amount of impurities present. 
It was this finding which prompted us to autolyze the veast 
before extracting it. 

The subsequent fractionation was carried out as follows: 

Starting with a definite amount of veast extract the nitrogen 
content of which had been determined and the vitamine activity 
of which had been established by the method just described, lead 
acetate was added to complete precipitation, and the excess lead 
removed with H-eS, which was in turn removed by vacuum evapo- 
ration. The solution was then made up to original volume and 
the nitrogen content and vitamine activity were again deter- 
mined. The same procedure was then repeated with mercuric 
sulfate, silver acetate, and mercuric chloride, respectively, the 
nitrogen content and vitamine activity being determined each 
time, after eliminating the precipitating reagent and making up 
to the original volume. 

The solution was then acidified with HCl and treated with 
nitrous oxide, after which it was extracted with ether, and the 
ether washed with water, the washings being added to the ex- 
tracted solution. The nitrogen and vitamine activity were again 
determined. The vitamine activity of the ether extract was also 
determined, 

The final step was the reduction of the solution with hydrogen 
and palladium. The results obtained are summarized in ‘Table 
Il] from which it may be seen that the total nitrogen content 


2 Osborne, T. B., and Wakeman, A. J., J. Biol. Chem., 1919, xl 385. 
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has been reduced from 14.89 *to 4.55 gm., while the vitamine 
activity has been reduced from a reading of 10.5 to 5.5 mm. 
When it is considered that the original yeast had been manipu- 
lated for a period of 12 weeks through a series of four precipita- 


TABLE III. 


Activity of Autolyzed Yeast at Various Stages of Purification. 


No. Substance tested and procedure employed. * Nitrogen. Activity. 
gm. mm. 
1 | Original protein-free veast.............. 14.89 10.5 
2 No. 1 plus lead acetate—filtrate......... 12.84 20.0 


3 Concentration of filtrate of No. 2 vielded 
6 gm. of substance which crystallized | 


4 | No, 2 filtrate plus mercuric sulfate—- | 

5 | Mereuric sulfate precipitate decom-_ 

posed and dissolved in water.......... | | 2.5 
6 No. 4 filtrate plus silver acetate—_ | 

7 | Silver acetate precipitate decomposed | | 

and dissolved in water................ | | 3.0 
8 | No. 6 filtrate plus mereurie chloride—_ | 

9 | Mercurie chloride precipitate decom-_ 

posed and dissolved in water........... Negative. 
10 | No.8 filtrate plus nitrous acid.......... | 4.55 4.0t 
11 | Ether extract of No. 10................. | Negative. 
12. After extracting No. 10 with ether, it | 


was reduced with hydrogen and pal- — | 


* All the tests made corresponded to 0.05 ec. of original protein-free 
autolyzed yeast, so that the activity as shown by one test is directly com- 
parable to that of any other test. 

+ The reduced activity noted here is due to certain causes which will 
be explained in a later paper. It may be seen from No. 5, Table II, that 
nitrous acid materially increases the activity of the yeast. 


tions, a diazotization, and a reduction, together with unavoidable 
small losses at every stage, it is indeed worthy of record that the 
loss of activity was no greater than that found. As for the loss 
in activity during the diazotization, we have learned the cause 
ond eliminated it in our subsequent work so that our end-product 
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will show even greater activity than that recorded.  Ineidentally 
the many manipulations speak well for the stability of the anti- 
beri-berl vitamine under various conditions. 


SUMMARY AND CONCLUSION. 


We have described a method for testing the antiberi-bern 
vVitamine content of various substances, using autolyzed veast as 
au standard. We have used the method in determining the 
approximate vitamine activity of a number of produets, and in 
observing the activity of autolyzed yeast under various condi- 
tions. By this method we have also been able to earry out a 
systematic fractionation of autolvzed veast testing the vitamune 
activity at each stage of the purification. 

Despite the apparent uncertainty surrounding the whole prolb- 
lem of the vitamines, it Is nevertheless readily admitted that only 
with some such method as we have described for the testing of 
Vitamine activity, Is it possible to make greater strides in the 
attempt to isolate and identify the B vitamine. 

Some investigators believe that the B vitamine ts not identical 
with the substance promoting the growth of veast. Regarding 
this contention, we are not prepared as vet to make any definite 
statement. However, the question, whether we are dealing with 
one vitamine—at least as found in original extraets— or with two 
Vitamines existing side by side, is at present under further inves- 
tigation, and will be reported at a later date. 


EXPLANATION OF PLATE 1. 


hig. 1. The tube at the left shows the reading of the blank. while the 
other two tubes show the readings obtained with different amounts of 


autolyzed veast. 
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AMINO-ACIDS OF GELATIN. 
By H. D. DAKIN. 


(From Scarborough-on-Hudson.) 


(Received for publication, August 25, 1920.) 


The accurate separation and estimation of the products formed 
by the hydrolysis of proteins still present a problem which is far 
from solved though many improvements have been made in 
recent vears. The importance of the problem requires no 
emphasis. 

In recent communications (1918, 1919) the writer has shown 
that certain approximate separations of amino-acids could be 
effected by the use of partially miscible solvents such as buty! 
alcohol. Under appropriate conditions the feebly ionized mono- 
amino-acids and proline are readily extracted while the strongly 
ionized bases and dicarboxylic acids remain behind. The method 
held out promise of material improvements in the analysis of the 
products of hydrolysis of proteins. With the experience gained 
in the use of the method in separating some of the products from 
casein, glutenin, and gliadin as a guide, it was decided to select 
a protein of medium complexity and to endeavor to separate its 
products of hydrolysis as completely as possible. Gelatin was 
the protein selected partly because existing analyses were excep- 
tionally incomplete and also because the reputed absence of 
tryptophane and tyrosine appeared to simplify the problem 
somewhat. As a matter of facet traces of tyrosine were always 
found and the complications due to the presence of large amounts 
of glveine and hydroxyproline more than counterbalanced any 
advantage from the absence of tryptophane. However, a fair 
separation of most of the amino-acids from gelatin has been 
made, making up a total of somewhat over 90 per cent of the 
gelatin taken. Some indication has been obtained as to the 
nature of the remainder, while the definite absence of several 
amino-acids has been established whose occurrence was pre- 
viously a matter of doubt. 
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In the following sections an account is first given of the general 
line of attack followed in the endeavor to separate and estimate 
the various amino-acids from gelatin. The separate amino- 
acids are then considered in detail together with an account of 
the practical details used in their isolation. After the individual 
amino-acids have been considered, a short discussion of the 
results is given together with a comparison of those previously 
recorded, Finally a description is given of the preparation and 
properties of a new tricyclic peptide isolated from gelatin, hy- 
droxyprolylproline anhydride, and also the preparation of inac- 
tive proline hydantoin. 


EXPERIMENTAL, 


The presentation of the experimental results in a concise form 
has certain difficulties since they relate to something over a 
dozen separate analyses in each of which some particular group 
of amino-acids was specially investigated. The preparation of 
the hydrolyzed material was substantially the same in all cases 
and was as follows: 


About 250 gm. of moist gelatin (gold or silver label) were boiled for 12 
to 20 hours with sulfuric acid (300 gm.) and water (650 ec.). The solution 
was then transferred to a porcelain beaker and heated for 8S hours in an 
autoclave at 135-140°. The liquid was then diluted with hot water and 
barium hydroxide added until Congo paper was no longer turned blue. 
The barium sulfate was removed by filtration and the precipitate digested 
three times with additional hot water. The combined filtrates were con- 
centrated under low pressure to a thin syrup and made up to a known 
volume; e.g., 500 ce. The actual content of gelatin products was deter- 
mined by analyzing an aliquot part for total nitrogen, adopting 18 per cent 
as the nitrogen content of gelatin. The solution was still fairly strongly 
acid to litmus and no loss of ammonia had oecurred. For extraction with 
butyl aleohol an amount of solution equivalent to 100 to 150 gm. of gelatin 
was generally used. In order to avoid unnecessary repetition it may be 
stated at this point that evaporations of the amino-acid solutions at every 
stage were carried out under reduced pressure and that highly purified 
reagents were used for the constantly recurring precipitations. Omission 
of these obvious precautions lead to errors of considerable magnitude. 
Innumerable analyses of the various fractions were carried out by element- 
ary combustion, by the Kjeldahl and Van Slyke methods, and by polari- 
metric observations. Only a few of these results are worth recording but 
collectively they furnished valuable information as to the progress of the 
various separations. 
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Extraction with Butyl Alcohol at Normal Pressure. 


The extraction of hydrolyzed gelatin with boiling butyl alcohol 
under atmospheric pressure was carried out under the same 
conditions as those previously described in connection with 
‘casein. A Kutscher-Steudel apparatus was used and the liquid 
to be extracted was kept at about 60°C. by means of a bath or 
minute flame. A Pyrex or Jena flask was used as container for 
the butyl alcohol and in order to promote rapid boiling the flask 
was placed in a tin with high walls. The bottom of the tin was 
cut out with the exception of a small rim and replaced by a single 
laver each of iron gauze and thin asbestos paper. A fairly large 
Bunsen flame surrounded by a gauze jacket secured a rapid 
circulation of the butyl alcohol. Soon after commencing the 
experiment large amounts of proline were rapidly extracted and 
remained in solution in the butyl aleohol, while a fine granular 
precipitate of amino-acids separated out precisely as in the 
experiments with hydrolyzed casein. At intervals of 12 to 24 
hours the extraction vessel was changed and the buty! alcohol 
renewed. 

Solid Extracted Amino-Acids.—The granular precipitate of 
amino-acids first accumulating in the extraction flask was filtered 
off and washed with alcohol and dried. It was found to contain 
the leucine, phenylalanine, alanine, and some of the hydroxy- 
proline. After about 48 hours extraction the character of the 
deposit changed and became progressively less granular, finally 
assuming a pasty quality. Furthermore it was found that, 
unlike the experiments with casein products, it was almost impos- 
sible to bring the extraction to an end within a reasonable time, 
so that even after a week’s extraction solid amino-acids were 
still accumulating. The reason for this divergent behavior was 
found to arise from the presence of large amounts of glycine and 
hydroxyproline. Glycine, unlike alanine and its higher homo- 
logues, is extracted by butyl alcohol under the present condi- 
tions with great slowness, so that even after a week’s extraction 
only about a fifth of the total glycine is removed. The hydroxy- 
proline is more readily extracted than glycine and its extrac- 
tion may be carried to virtual completion but its large amount in 
gelatin leads to its appearance in early and late fractions. 
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The following data indicate the general course of a typical 
extraction so far as the solid amino-acids are concerned. 115 
gm. of hydrolyzed gelatin gave on extraction 36 gm. of solid 
amino-acids washed with alcohol and ether and dried at 110°. 
They contained 13.72 per cent total nitrogen and 10.52 per cent 
amino nitrogen the difference of 3.2 per cent being due, apparently 
exclusively, to hydroxyproline. The specific rotation of the 
mixture in 5 per cent aqueous solution was —18.8°. About 10 
per cent of glycine (3.6 gm.) was separable as ethyl ester hydro- 
chloride. The remainder was made up of the amino-acids already 
enumerated. The most painstaking examination of the aqueous 
liquid remaining after extraction failed to show the presence of 
even traces of alanine, valine, leucines, or phenylalanine, when 
worked up by the ester method. It therefore appeared that the 
solid amino-acids extracted as above described could safely be 
used for the estimation of these amino-acids while the estimation 
of glyeine and hydroxyproline required other methods, 

Fraction Soluble Alcohols.-As in the experiments with 
hydrolyzed casein already referred to, it was found that proline 
from gelatin was readily extracted by butyl] alcohol and naturally 
remained in solution. But as will be shown shortly, the material 
thus extracted when working under ordinary pressure is not 
well suited for the separation and isolation of proline. 

The butyl aleoholic solutions were evaporated under reduced 
pressure and the dry residue was taken up in ethyl alcohol and 
allowed to stand for several days at 0° in order to separate traces 
of other acids. This separation seldom amounted to over 1 gm. 
per 100 gm. of gelatin and it was filtered off and added ta the 
main bulk of solid amino-acids. The aleoholic filtrate was 
evaporated, taken up in water, clarified with charcoal, and 
filtered, 

It was found that this crude ‘proline fraction”’ was incapable 
of much purification by using the aleohol-soluble copper salts or 
by using phosphotungstie acid. But a considerable purification 
was effected by pretipitating the mixture in 10 per cent solution 
with saturated mercuric acetate solution (2 mols) and barium 
hydroxide (2 mols). The latter reagent was most conveniently 
dissolved in five parts of hot water, filtered, cooled with shaking. 
and the magma of fine ervstals added with vigorous stirring to the 
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proline and mercuric acetate solution. A bulky white precipitate 
containing various amino-acid impurities was produced, filtered 
off at once, and washed with cold water. This operation should 
be done quickly so as to avoid oxidation of proline by the alkaline 
mercuric salts. An amount of sulfuric acid roughly equivalent 
to the barium hydroxide was at once added and the turbid solu- 
tion saturated with hydrogen sulfide in a closed flask. After 
filtration the liquid was exactly freed from barium or sulfurie 
acid and then concentrated under reduced pressure. The whole 
of the proline present is found in the aqueous solution, for, as 
Sé6rensen has shown, it is not precipitated by alkaline mercurie 
acetate like most amino-acids. 

On drving the evaporated solution, a brittle hygroscopic partly 
ervstalline mass is obtained. (The erystals were subsequently 
found to be largely y-hydroxyvprolylproline anhydride. See later.) 

Three separate specimens on analysis gave 52.5, 52.9, 53.1 
per cent carbon, 7.52, 7.67, 7.68 per cent hydrogen. The total 
nitrogen varied from 12.5 to 13.1, and the amino nitrogen was 
0.1 to 0.2 per cent. Although the figures are fairly close to those 
required for proline (52.2 per cent carbon, 7.83 per cent hydrogen, 
12.2 per cent nitrogen) a large part of the product was made up 
of evehe anhydrides containing at least one proline nucleus. 
The specific rotation varied from —52° to —75°. That this low 
result was not due to partial racemization of the proline was 
proved by the complete solubility of the copper salts in methyl 
alcohol. The presence of the evelie anhydrides was proved 
by hvdrolvsis under pressure with hydrobromic acid at 140°. 
After successive treatments with silver oxide and hydrogen 
sulfide in the usual way the presence of hydroxyproline and some 
leucine was readily determined. 

The above experiments illustrate the dangers of accepting too 
readily figures for the apparent proline based on purely analytical 
data. The amount of eyelie anhydrides (diketopiperazines) 
appears to increase in proportion to the length of time the butyl 
alcohol containing much proline is botled with the other amino- 
acids in the original process of extraction under ordinary pres- 
sure. The solubility of the proline would undoubtedly favor the 
formation of anhydrides containing at least 1 molecule of this 
substance and some evidence has been obtained of the formation 


> 


+ 
| = 
= 
4 
= 
a 
2 = 
4 
& 
| 
+ 
2 
g 
4 
2 
| 
| 
| 
if 
a 
4 
¢ 
* 


4% 

> 
4s 
= 


t 


the 


504 Amino-Aecids of Gelatin 


of prolylproline anhydride, though its complete separation has 
not been aecomplished. In this connection Maillard’s (1911) 
observations on the effect of heating amino-acids with glycerol at 
high temperatures may be recalled. As will be shown later the 
artificial formation of evcliec anhydrides during the extraction 
may be obviated by changing the conditions of extraction, although 
their presence due to incomplete hvdrolvsis of the protein has 
always to be reckoned with. 

Amino-Acids not Extracted by Butyl Alcohol.—The aqueous 
solution of amino-acids remaining after extraction with butyl 
alcohol was examined at first In substantially the same way as 
that adopted with the products from casein. The bases were 
removed with phosphotungstic acid and then the strong acids, 
aspartic and glutamic acids, were largely removed by direct 
ervstallization. Smaller additional amounts were removed by 
methods to be referred to later. Examination was then made for 
the presence of B-hyvdroxyelutamie acid which has been identified 
in casein, gliadin, and glutenin. It was definitely established 
that no dicarboxylic acid other than aspartic and glutamie acids 
was present. It is of interest to note that the large amount of 
amino-acids left in the mother liquor after the separation of the 
acids could be entirely recovered in the form of solid products 
with no unervstallizable syrups. The bulk of the product was 
composed of glyveine which was separated successively as picrate 
and ethyl ester, while in addition variable amounts of hydroxy- 
proline were encountered. It is probable that a little serine may 
have been present but no indication was obtained of any con- 
siderable amount of amino-acids other than those first mentioned. 

The results of the experiments briefly referred to in the pre- 
ceding sections, which in reality represent a summary of many 
separate analyses, indicated that by the use of butyl alcohol as a 
solvent, extracting under normal pressure, a considerable sepa- 
ration of the amino-acids from gelatin could be effected. The 
main difficulties encountered were as follows: (a) The proline 
fraction was heavily contaminated with diketopiperazines, includ- 
ing among others hydroxyprolylproline anhydride; (b) glycine 
was only extracted to a very limited extent; (c) the extraction of 
hydroxyproline was inconveniently slow. On the other hand 
the amino-acids separating out in the butyl alcobol extraction 
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flask contained practically the whole of the alanine, leucine, 
phenvlalanine, and most of the hydroxyproline and furnished 
excellent material for their estimation. The bases and aspartic 
and glutamic acids were left behind in readilv separable forms 
together with most of the glycine and some hydroxyproline. 


Extraction with Butyl and Propyl Alcohols under Reduced Pressure. 


[t appeared desirable to devise if possible some modification of 
the preceding process that would extract the proline in a purer 
state and secondly to improve the extraction of the hydroxy. 
proline. The contamination of the proline with diketopiper- 
azines obtained by extracting with butv! alcohol under ordinary 
pressure Is apparent!y due in part to the prolonged boiling of the 
proline solution with other extracted amino-acids and hydroxv- 
proline in particular, for the latter acid is fairly readily dissolved 
in the moist butyl aleohol. It appeared, therefore. that, if 
extraction of the proline could be effected at a lower tempers- 
ture, this change could be limited. Use was therefore made of 
extraction under greatly diminished pressure and hence lower 
temperature in much the same way as has been used so success- 
fully by Dudley in his work on the pituitary principles. The 
temperature of the bath surrounding the boiling flask was from 
45-50° and the internal temperature about 10° lower. It was 
found that the proline was readily extracted under these condi- 
tions and that it could be obtained in a satisfactorily pure condi- 
tion. The solid amino-acids separating out from the butyl 
aleohol extraetion carried out under reduced pressure contained 
a considerable amount of hydroxyproline but much was left in 
the aqueous solution long after all the proline had been removed. 
It appeared, therefore, that a more complete extraction of the 
hydroxyproline might be obtained through following up the 
butyl aleohol treatment by extraction with an aleohol with a 
greater capacity for mixing with the aqueous phase. Normal 
propyl alcohol was found to be satisfactory for the purpose 
although on prolonged extraction under reduced pressure much 
water was removed from the aqueous layer. The separation of 
the hydroxyproline from the other amino-acids thus extracted 
was a problem of great difficulty which was only partially solved. 
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The details will be given in a later section. It will be recalled 
that normal propyl aleohol and pure water are miscible in any 
proportion at room temperature but the high concentration of 
amino-acids in the aqueous solutions reduces the solubility of 
propyl alcohol to such an extent that it can be readily employed 
as a partially miscible solvent under the conditions of the present 
experiments. 

In the following sections dealing with the individual amino- 
acids frequent reference is made to the use of Fischer's ester 
method for the isolation of amino-acids. In every case the 
admirable modification due to Levene and Van Slyke depending 
on the use of barium oxide and hydroxide for the liberation of 
the esters was emploved. In the writer’s experience the results 
of this method are superior to any of the others and the non- 
esterified portion is readily recovered and again treated with 
alcohol and hydrochloric acid. This repetition of the esterifiea- 
tion was invariably carried out in the present work. As will be 
shown later, large amounts of hydroxyproline are obtained in 
the ester fraction when working with the above method. Hitherto 
it was believed that hydroxyproline was confined to the residues 
left after extraction of the esters with ether. 


Individual Amino-Acids. 


Glycine.—The first estimation of glvcine was made as follows. 
Hvydrolvzed gelatin, equivalent to 105 gm., was prepared as pre- 
viously described, and the solution was extracted for about 100 
hours with butyl aleohol at ordinary pressure. From the solid 
extracted amino-acids which contained alanine, leucine, and 
phenvlalanine 4.0 g@m. of glycine were obtained as the ethyl 
ester hydrochloride (7.45 gm.) by Fischer’s method. The bulk of 
the glycine was left unextracted in the aqueous laver. This was 
diluted (2 liters), boiled under reduced pressure to remove dis- 
solved butyl aleohol, and then the bases were removed with 
phosphotungstic acid in sulfuric acid (5 per cent) solution. After 
the phosphotungstates had been filtered off and washed, the 
filtrate was made alkaline with barium hydroxide, warmed for 
some time to expel residual traces of ammonia, and again filtered. 
The filtrate contained the barium salts of glycine, some hydroxy- 
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proline, and the di-basie acids. The latter were approximately 
separated by precipitating the concentrated solution (150° ec.) 
with 95 per cent aleohol (1,500 ce.). The precipitated barium 
salts contained practically the whole of the di-basic acids together 
with a considerable amount of glycine. The barium salts, after 
being washed with aleohol were dissolved in water, the barium 
was removed exactly with sulfurie acid, and the aspartic and 
glutamic acids (7 gm.) were slowly ervstallized out at —10° 
from about 20 ce. of solution. The alcoholic mother liquor 
from the barium salts was concentrated and the barium removed 
exactly with sulfuric acid. It was then added to the mother 
liquor from the di-basic acids. The solution thus obtained con- 
tained S gm. of nitrogen and was very rich in glveine. It was 
hoped that a good separation of the glycine as pierate could be 
obtained by using Levene and Beatty’s method. 100 gm. of 
picric acid were used and the concentrated solution was kept for 
24 hours at —10°. Only 34.5 gm. of glycine picrate were obtained, 
which on decomposition gave 14.0 gm. of pure glycine. The 
separation, however, was very incomplete. On removing the 
picric acid from the filtrate in the usual way and then converting 
the residual amino-acids into ethvl esters by repeated treatment 
with aleohol and hydrochloric acid and liberating the pure esters 
by Levene and Van Slvke’s method, a good vield of ethyl ester 
boiling under 65° at 10 mm. pressure was secured. The higher 
boiling fraction (11 gm.) was rejected. On hydrolysis 10.9 gm. 
of glycine were obtained, and on repeating the esterification the 
non-esterified residues gave a further 1.2 gm. of giveme. It 
should be noted that in spite of the high glycine concentration, 
only a small portion of it ervstallized out as the ester hydro- 
chloride. The presence of hydroxyproline appears to have con- 
siderable influence in preventing its ervstallization. The total 
glycine thus separated from 115 gm. of gelatin is 30.1 gm. obtained 
as follows: 4.0 @m. from the amino-acids extracted by butyl 
alcohol, 14.0 gm. recovered as picrate, and 12.1 gm. obtained 
through the ester method. This is equivalent to 26.2 per cent of 
glycine. The mixed glycine thus separated showed no measur- 
able optical aetivitvin 5 per cent solution and contained 17.9 
per cent of mtrogen compound with a calculated value of 18.6. 
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A second estimation of glycine was made in a much simpler 
fashion after it had been decided to abandon the use of picric 
acid. Gelatin (250 gm.) was hydrolyzed in the usual way and 
extracted with butyl alcohol at ordinary pressure for 5 days. 
The solid extracted amino-acids gave 19.5 em. of ethyl ester 
hvdrochloride equivalent to 10.5 gm. of glycine. The aqueous 
solutions after extraction were freed from bases with phospho- 
tungstic acid as previously described and then esterified as before. 
Glycine ethyl ester hydrochloride equivalent to 11.2. gm. of 
glycine crystallized out and was worked up separately. On 
repeated esterification according to Levene and Van Slvke’s 
method a total yield of 103 em. of ethyl ester contaming much 
alcohol was obtained, all of which boiled below 65° at 9 mm. 
pressure. Higher boiling esters (53 gm.) were rejected as before. 
The low boiling esters on hydrolysis gave 40.3 @m. of glycine, 
making a total vield of 62.0 gm. from 250 gm. of gelatin or 24.8 
per cent. The mean of the two estimations is 25.5 per cent. 

The foregoing experiments were completed before the extrac- 
tion with butyl aleohol under reduced pressure had been employed. 
It is probable that the adoption of this procedure would be advan- 
tageous as under these conditions almost no glycine is extracted 
by the butyl alcohol and practically the whole of it is found in 
the aqueous residue. 

Alanine. AO gm. of amino-acids extracted by butyl aleohol 
at ordinary pressure from 125 gm. of hydrolyzed gelatin served 
as the material for estimating alanine. ‘The mixed amino-acids 
were first crvstallized from water and 9.4 gm. of sparingly soluble 
leucine and phenylalanine were removed in two crops. The 
mother liquor was concentrated and esterified in the usual way. 
Glycine ethyl ester hydrochloride (7.8 gm.) was filtered off and 
the esters were liberated and distilled. The ester fraction boil- 
ing below 90° at 9 mm. pressure was hydrolyzed with water and 
gave 10.9 gm. of amino-acid which were washed with alcohol 
and ether and dried. This produet was fairly pure alanine as is 
seen from the following figures: N = 15.9, ealeulated 15.7; C = 
40.2, calculated 40.4; H = 7.8, caleulated 7.9 per cent. The 
alanine was apparently inactive in 2 per cent aqueous solution 
but the hydrochloride showed fa], = —9.9°. It is probable 
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that the only impurity in the alanine was a minute trace of 
glycine. The yield is equivalent to 8.7 per cent. 

Tsoleucine, Valine, and Aminobutyric Acid.——Tsoleucine and 
valine are readily extracted by buty] alcohol under the conditions 
of the present experiments and, since alanine behaves in the 
same way, it is fair to assume that the intermediate homologue 
aminobutyric acid would show the same behavior. The possible 
presence of the latter acid has been indicated by Foreman, though 
the presence of isoleucine and valine in gelatin has been neither 
asserted nor denied. Accordingly large quantities of the extracted 
amino-acids from gelatin were subjected to systematic crystal- 
lization. Water was used as solvent for the various separations 
followed by progressively less dilute mixtures of methyl aleohol 
and acetone. Each fraction was examined for its nitrogen con- 
tent by Van Slyke’s gasometric method and, what was more 
important, its specific rotation was observed in neutral, acid, and 
alkaline media. While the complete separation of valine or 
isoleucine from their homologues is a matter of difficulty, their 
high specific rotations render their detection, when dealing as in 
the present case with exclusively unracemized products, a rela- 
tively simple matter. No fraction was obtained having a higher 
specific rotation in hydrochloric acid than that of ordinary leucine 
nor was any indication obtained of any acid intermediate between 
leucine and alanine. The reproduction of the detailed experi- 
mental data relating to the fractionation of the amino-acids 
appears unnecessary since the figures have no permanent value 
and are simply of negative significanee. It is concluded, there- 
fore, that isoleucine and valine are definitely absent from the 
gelatin molecule, while no indieation has been obtained of the 
presence of aminobutyric acid. 

Leucine and Phenylalanine.—-Most of the leucine and pheny!l- 
alanine is easily recovered by simple reerystallization from water 
or dilute methyl alcohol of the amino-acids extracted by butyl] 
alcohol. By careful ervstallization a succession of crops is easily 
obtained and, by carrving out amino nitrogen analyses on a few 
milligrams of each crop, it is easy to tell when the lower homo- 
logues begin to separate. In an actual experiment the following 
results were obtained by ervstallizing 54 om. of amino-acids 
obtained from 170 em. of gelatin. 
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Crop I. 7.02 gm. N = 10.30 per cent; [aly = — 11.5° in water, + 15.0° 
in HC] (20 per cent). 

Crop Il. 5.70 gm. N = 10.8 per cent; ‘a!p = — 12.0° in water, + 14.5° 
in HC, 

Crop III. 2.73 gm. N = 13.5 per cent; falp = — 6.25° in water, + 5.0° 
in HC]. 


Crop IIT on reerystallization gave 0.95 em. of the same com- 
position as Crop II to which it was added. A small additional 
amount of the two amino-acids was recovered from the mother 
liquors by means of the ester method. The esters distilling 
below SO° at 11 mim. pressure were removed and the higher 
boiling residue without distillation was saponified by boiling with 
water and fractionally crystallized from water. O.8 gm. of mixed 
phenylalanine and leucine in’ almost equal proportions, as judged 
by elementary analysis, was thus recovered from the least soluble 
fraction, while the mother liquors contained much hydroxyproline 
and some serine. The total vield of phenylalanine and leucine 
from 170 gm. of gelatin was 14.47 gm. corresponding to 8.5 per 
cent. Two other similar experiments gave results between 7 and 
S per cent. 

The amount of leucine in the mixture far exceeds that of phenyl- 
alanine. Judged by analysis the proportion is about 5:1. On 
simple reerystallization from water, perfectly pure leucine with 
optical properties closely corresponding to those obtained by 
Khrlich is readily obtained (C = 54.8; H = 9.8; N = 10.7 per 
cent). 

The complete separation of phenylalanine from leucine proved 
to be a difficult matter. Crystallization of the hydrochlorides 
and other salts was ineffectual, while experiments aiming at the 
preparation of nitro or sulfonic acid derivatives were only par- 
tially successful. Finally recourse was had to the application of 
the conventional ester method applied to the leucine and phenyl- 
alanine fraction from which as much leucine as possible had been 
removed by erystallization. The ester soluble in water but 
extracted by ether gave fairly pure phenylalanine but the vield 
never exceeded 1.4 per cent of the gelatin. This figure agrees 
fairly closely with estimates of inactive phenylalanine from 
racemized gelatin already recorded by the writer. 
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From the above experiments it is inferred that phenylalanine 
and leucine together comprise 8.5 per cent of the amino-acids 
from gelatin and that they are approximately in the proportion 
of 7.1 per cent leucine and 1.4 per cent phenylalanine. <A similar 
expernment in which the leucine and phenylalanine were extracted 
by butyl alcohol under reduced pressure gave a vield of 8.2 per 
cent for the mixed acids. 

The absence of valine and isoleucine together with the low 
proportion of phenylalanine undoubtedly makes gelatin a desir- 
able substance for the easy preparation of pure active leucine. 
While the vield is not high, the absence of isomers greatly facili- 
tates its separation, if extraction with butyl alcohol is employed 
as a preliminary step. 

Tyrosine.—Tyrosine is not ordinarily regarded as a constit- 
uent of gelatin but traces of it were encountered in all the speei- 
mens of gelatin examined. In two cases sufficient was present 
to furnish a few mg. of the pure substance but in every case 
sufficient was present to give strong reactions with bromine 
water, Millon’s reagent, and diazobenzenesulfonic acid. The 
tyrosine was readily extracted by butyl aleohol and showed some 
tendency to remain in solution, for it was recovered from the 
copper salts, sparingly soluble in alcohol, separated from the 
erude proline fraction. Its amount was certainly not in excess 
of a fraction of 0.1 per cent and the amount separated was 
even less, so that it is probably a safe deduction that tyrosine 
is not an integral part of the gelatin molecule. The unsatis- 
factory methods of purifying gelatin would undoubtedly account 
for the presence of traces of if as an impurity. 

Proline.—As already stated in the earlier part of the present 
communication, it was found that extraction of hydrolyzed gela- 
tin with butyl aleohol at normal pressure, while effective in 
removing the whole of the proline, gave an impure product owing 
to the presence of large quantities of diketopiperazines. A con- 
siderable proportion of these eyclie anhydrides appeared to be 
formed as a secondary reaction during the prolonged boiling of 
proline in butyl aleohol solution with other amino-acids. For 
this reason extraction under diminished pressure and hence 
lower temperature was adopted. The apparatus used is shown In 
Fig. 1 and requires almost no description. It is a slight modifi- 
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eation of that used by Dudley and should be of value for other 
purposes. An efficient water pump attached to the apparatus 
maintained an average pressure of about 10 mm. The water 


bath for heating the Claisen flask used as the extraction vessel 
was maintaimmed at 45-50%. 

The hydrolyzed gelatin was placed in the side-necked bottle 
shown on the left. When once the extraction is started and the 
heating adjusted the apparatus can safely be left for 24 hours at 


a time. The extraction of the proline from 100 em. of hydro- 
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lyzed gelatin ina volume of about 200 ec. in the apparatus shown, 
working at moderate speed, required about 60 hours. Solid 
amino-acids soon appeared in the extraction flask and were com- 
prised chietly of leucine with some phenylalanine and hvydroxy- 
proline. It is well to change the flask and start with a fresh 


supply of alcohol at daily intervals so that the separation of 


solid amino-acids does not cause undue bumping, and in addition 
the likelihood of bringing alout changes in the proline is reduced. 
At the end of the extraction, the combined butyl alcohol extracts 
are filtered for suspended amino-acids and the latter washed with 
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a little more of the aleohol. The filtrate was then evaporated to 
syrup under reduced pressure, dissolved in absolute alcohol, 
again evaporated, and redissolved in 50 ce. of absolute alcohol. 
Only a minute trace of solid separated on long standing at a low 
temperature and this was filtered off. Alcohol was removed from 
the filtrate by evaporation and the clear svrup dissolved in water. 
The specific rotation of the product without further purification 
observed in aqueous solution was —78°, a figure which closely 
approximates that of pure proline. From the experiences gained 
in previous experiments, it was decided that purification by way 
of the copper salts, or bv precipitation with phosphotungstie 
acid was of negligible value. Recourse was therefore had to 
treatment with mercuric acetate and baryta as previously de- 
scribed. Relatively little impurity was removed by this treat- 
ment and the proline was recovered from the filtrate, in the 
manner already referred to, evaporated to drvness, dissolved in 
alcohol to remove a trace of insoluble inorganic Impurity, and 
then evaporated and dried under reduced pressure. 

The proline thus obtained had only a light vellowish tinge, and 
erystallized slowly but completely in the desiccator. ‘The amount 
of amino nitrogen in the purified proline fraction from 100 gm. of 
gelatin, as determined by Van Slvke’s method, never exceeded 10 
mg. and for this amount a suitable correction was applied. The 
specific rotation of the product varied from 70.38-82.5°. On 
elementary analysis good results were obtained (52.0 to 52.5 
per cent C; 7.8 to 7.95 per cent H; 12.2 to 12.4 per cent N), 
though as previously mentioned these results are of less value in 
judging of the purity of the product than the estimations of optical 
activity. The proline thus separated gave vields of the ethyl 
ester, copper salt, and proline hydantoin comparable with those 
obtainable from the pure substance. Apparently the only 
impurity that might be present in significant amounts in the 
proline obtained as described above is some diketopiperazine with 
properties allied to those of proline. To guard against this, 
exceptional care was taken that the hydrolysis of the gelatin was 
as complete as possible, and the proline when isolated was heated 
under pressure with hydrobromie acid at 130° in order to hydro- 
lvze any diketopiperazines and thus lead to the detection of 
other amino-acids. Such acids, especially hydroxyproline, were 
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invariably found when the extraction of the proline had been 
carried out at ordinary pressure, but when the extraction was 
performed as deseribed in the present section they were not 
detected. The following vields of proline, corrected for a trace 
of non-amino nitrogen, and calculated on a content of 12.2 per 
cent non-amino nitrogen, were obtained. This method of calcula- 
tion is preferable to direct weighing owing to the hygroscopic 
character of the substance. 


150 gm. gelatin gave 18.9) gm. proline = 9 2 per cent. 


The average of the above results gives 9.5 per cent of proline 
as the estimated yield. It is probable that the method outlined 
above represents the simplest method for the preparation of 
optically active proline. 

Hydroxyproline. This substance it will be recalled was isolated 
from gelatin by Fischer through working up the residue left 
after the separation and extraction of the ordinary amino-acid 
esters according to his well known method. <A yield of about 3 
per cent was obtained and the same method has been followed by 
Leuchs and other workers. It was generally assumed, though 
not specifically stated, that either hydroxyproline did not form 
an ester under the customary eonditions, or, if it did so, the ester 
was not extracted by ether. On this assumption, it was thought 
that the separation of hydroxyproline from the other amino- 
acids of gelatin which had previously been partially separated 
by the use of solvents would be a relatively easy matter. This 
was soon found not to be the case for the simple reason that the 
larger part of the hydroxyproline was found to yield an ester 
readily which was easily extracted by ether under the conditions 
emploved. 

As has already been stated a considerable part of the hvdroxy- 
proline in hydrolyzed gelatin may be extracted by butyl alcohol 
and is found among the amino-acids which separate from solution 
in the extraction flask. This material, therefore, seemed promis- 
Ing for preliminary attempts to separate the hydroxyproline 
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20 gm. of this material were esterified in the usual way and the 
ester was liberated by Levene and Van Slyke’s method and 
extracted by ether. The fraction of ester boiling below 100° was 
rejected and the residual ester without distillation was at once 
hydrolyzed with boiling water. On crystallizing from water, a 
small crop of leucine and phenylalanine separated first, followed 
by a very soluble substance which was expected to be mainly 
serine. But it had the following composition: 47.4 per cent C; 
7.4 per cent H; 10.9 per cent N. The amino nitrogen was only 
3.4 per cent and the specific rotation in water —53.5°. These 
results clearly indicated that the product contained a great deal 
of hydroxyproline and on crystallizing from 90 per cent methyl! 
alcohol almost pure hydroxyproline was readily obtained (melt- 
ing point 263°; 45.5 per cent C; 6.85 per cent H; [a], —72.0°; 
amino nitrogen 0.3 per cent). It was clear, therefore, that 
hydroxyproline is esterified under the customary conditions 
with aleohol and hydrochloric acid and that a large part of it is 
extracted by ether, using Levene and Van Slyke’s method for the 
liberation of the esters. 

The residues remaining after the liberation of the esters were 
freed from barium salts as usual and, after evaporation, hydro- 
chloric acid was removed by suecessive treatments with lead 
hydroxide and silver oxide. The filtrate was freed from metals 
with hydrogen sulfide and a good deal of optically inactive mate- 
rial was removed by precipitation with mercuric acetate and 
baryta as applied in the purification of proline. The filtrate 
freed from barium and mercury salts gave on concentration crude 
hydroxyproline (melting point 265°; 46.0 per cent ©; 6.8 per cent 
H; 10.8 per cent N; 0.7 per cent amino N; fa), in water —64.5°). 
On reerystallization from 90 per cent methyl alcohol pure 
hydroxyproline was readily obtained, and it was identical in 
every respect with the product obtained from the ester frac- 
tion. The amount of hydroxyproline obtained in a pure state 
from the ester and from the residues was only about 0.3 gm. in 
each case but the loss on purification is very great. But at 
least it was settled that about as much of the hydroxyproline 
passed into the ester fraction as remained behind and on repeated 
esterification the proportion was materially greater. 
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In addition to the hydroxyproline fractions just described 
which were obtained from the the amino-acids mixture extracted 
by butyl alcohol, variable amounts were isolated by substan- 
tinlly similar methods from the aqueous residue remaining from 
the butyl aleohol extraction. It was clear, therefore, that 
improved methods were necessary not only for the extraction 
of the hydroxyproline but for its isolation and purification and 
that but little assistance was likely to be derived from the ester 
method as previously used tor the preparation of hydroxyproline. 

As has been already stated. the extraction of the hydroxypro- 
line trom the hydrolyzed gelatin could be rendered much more 
complete by following up the first extraetion with butvl alcohol 
under reduced pressure by extraction with propyl aleohol under 
simular conditions. ‘This preliminary separation from the bases, 
di-basic acids, and most of the glycine was of great value but the 
difficulty now encountered was that of isolating and purifving 
the hydroxyproline from accompanying amino-acids. large 
number of experiments have been made with this object in view, 
some of which were complete failures and others were partly 
successtul. A few of these are summarized. 


a) Tivdroxvproline, like proline, evolves little or no nitrogen when 
treated with nitrous acid as in Van Slvke’s method. Since the greatest 
ditheulty in purifving hydroxyproline consists in the removal of amino-acids 
containing the (NEL) group, which reacts with nitrous acid, it was thought 
that possible advantage might be taken of this reaction. Experiments on 
mixtures eontaining hvdroxvproline were made with sodium nitrite or 
amyvl nitrite acting in acetic or sulfuric acid solution for various lengths 
of time up to several days and at temperatures varving from 15-100°,. 
The unchanged amino-acids were recovered, after removal of any sulfurte 
acid by baryta, by precipitation with mereuric acetate and sodium car- 
bonate aceording to the methed deseribed by Neuberg and Kerb. This 
method of precipitation is effective for hydroxyproline as was found by 
separate experiments. [It was found that the action of nitrous acid was 
useless for the purpose in view. Unless a very large excess of nitrous acid 
was used a great deal of unchanged amino-acid persisted and when a large 
excess of nitrous acid was employed decomp: sition of the hydroxyproline 
took place presumably through the formation of a nitroso compound. 

4) Hydroxyproline is well known to be extremely soluble in water and 
sparingly soluble in aleohol. It was found that when present with the 
amino-acids extracted by solvents from hydrolyzed gelatin it could be sepa- 
rated conveniently from much of the latter in the following simple man- 
ner. The mixed acids are heated with an equa! weight of water on the 
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water bath and then, irrespective of whether complete solution has taken 
place, nine parts of methyl aleohol are added with shaking, and the mix- 
ture is allowed to stand for a day orso. The precipitated amino-acids are 
filtered off, washed with methyl aleohol, and analyzed for both total and 
amine nitrogen, in order to be sure that no hydroxyproline remains. With 
all the products thus far examined, the whole of the non-amino nitrogen 
of the hydroxyproline has been found in the filtrate together with vari- 
able but eonsiderable amounts of soluble amino-acids, especially glycine, 
alanine, and serine, Some further separations of amino-acids from this 
hydroxyproline fraction can be secured by the following method. 

Reference has already been made to the use of mercuric acetate 
and barium hydroxide for the precipitation of impurities in the proline 
fraction. Proline is not precipitated under these conditions and similarly 
it was found that but little hydroxyproline was carried down with the 
precipitate. Most amino-aeids derived from proteins are precipitated by 
this reagent but the lower members of the series are less completely re- 
moved than the higher ones. While the sepuratl mois ine mplete, the fact 
that all the reagents emploved are readily removed without introducing 
other substances makes the process of some value The following experi- 
ments illustrate its use: 

(d) lt gm. of hydroxyproline containing about 7 per cent of impurity as 
judged by its speetfie rotation and amine nitrogen content was treated with 
mereurie acetate (LO ce. of saturated solution) and barium hydroxide (SO 
ee. of saturated solution’. Prom the filtrate on removalof mercury and 
barium salts O.S7 gin. of bydroxvproline tal” 72.5 wes recovered. 

2) o0 ce. of a solution contaiming 0.651 gm. of amino nitrogen mostly as 
ylveine, alanine. and serine and om. of mon-amiino nitt yen as droxy- 
proline were treated with mereurie acetate (G0 ee.) and ervstaltized bary ta 
60 gin). The filtrate after removal of mereuryvy and barium contained 
0.276 gm. of amino nitrogen and O.251 gm. of non-amino nitrogen, showing 
that rather more than half of the amino-acids had been removed with an 
apparent loss of about 10 per cent in hydroxyproline. 

d) It has been shown by Levene and Van Slyke that proline and hy- 
droxyproline unlike most other amino-acids do not form readily crystal- 
lizable pierclonates. It wasthought that possible use might be made of this 
fact for the further separation of hydroxyproline from amino-acids, but 
when other than very simple mixtures of pure substances were used the 
amount of purification effected was slight and on the whole the use of 
pierolomic acid was less effective than the preceding method | 

(e) The conversion of proline into a uramino-acid by the action of po- 
tassium cyanate, and its subsequent transformation into proline hydan- 
toin has already been deseribed as a useful method for the characteriza- 
tion of proline. Since so few attractive derivatives of hydroxyproline 
are known it appeared worth while to make similar experiments with this 
substance. 

Hvydroxyproline (3 gm.) in 15 ee. of water was allowed to stand in a 
warm place tor a few hours with potassium evanate (3gm.). An additional 
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0.5 gm. of the evanate was added and the mixture was heated on the 
water bath for 1 hour. It was then made just acid to Congo red with 
sulfurie acid, diluted to 50 ec., and extracted for 8 hours with ether in a 
continuous extractor. As with proline but unlike most amino-acids 
other than glycine and serine only a trace of substance (0.09 gm.) was 
extracted, 

The uramino-acid remaining in the aqueous solution was converted 
into the hydantoin by evaporation on the water bath with 30 ec. of hyvdro- 
chloriec acid. The solution was then reextracted with ordinary ether. 
The hydroxyproline hydantoin is taken out rather slowly. After 24 hours, 
3.0 gm. were obtained while an additional 0.55 gm. was obtained by con- 
tinuing for 12 hours more. The substance is very soluble in water, alco- 
hol, and ether and fairly soluble in chloroform. It is best erystallized 
either by dissolving in a drop or two of aleohol and then adding benzene 
in which it is almost insoluble or by slow evaporation of its aqueous solu- 
tion. The substance crystallizes in needles and melts rather indefinitely 
at 162-165° 


Analysis. 0.1520 gm. gave 0.2564 CO. and 0.0725 H.O. 
0.1425 “ “ 0.0255 N(Kjeldahl). 


iH N 
percent per cent percent 


y-Hydroxyproline hyvdantoin is strongly levorotatory in aqueous solu- 
tion though much less so than prolvlhyvdantoin. 


C= 150:l=2.0: a= — 2.92° 


The vield of hydantoin from pure hydroxyproline was so good and its 
ready solubility in ether and water distinguished it from so many related 
substances that It appeared likely that use could be made of it for the 
characterization of hydroxyproline. Accordingly experiments were made 
to determine whether the hyvdantoin could be reconverted into hydroxy- 
proline. Prolonged boiling (36 hours) with aqueous barium hydroxide 
(10 per cent) was found to be the best method. The evolution of ammonia 
and hence the progress of hydrolysis is conveniently followed by means of a 
bulb trap placed at the top of the reflux condenser containing a little ali- 
zarin and known amounts of standard acid. After no mere ammonia 
is evolved, the barium salts are removed exactly with sulfuric acidand the 
acid is recovered by concentration and precipitation with aleohol. As is 


well known, optically active hvdantoins readily undergo racemization on 


treatment with alkali, probably owing to tautomeric changes involving a 
loss of asymmetry of the @ carbon atom. Hydroxyproline and its hydan- 
toin, however, contain 2asymmetrie carbon atoms, hence it was not surpris- 
ing that the hydroxyproline recovered from the hydantoin was the 
partially racemic y-hydroxyvproline of Leuchs and Bormann (1919) and 
possessed a specific rotation of — 9.2°, 
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HOHC- —-CH, HOHC— CH, 
COY HC CH-COOH 
N NH 
y-Hydroxyproline hydantoin. y-Hydroxyproline. 


The vield of hydroxyproline recovered from the hydantoin varied from 
64 to 73 per cent of the theoretical amount so that considerable losses are 
involved in the reeonversion. 

In the light of the foregoing experiments with hydroxyproline, the 
following attempt to estimate the hydroxyproline in hydrolyzed gelatin 
was carried out. 


Hydrolyzed gelatin (100 gm.) was extracted for 72 hours under 
reduced pressure with butyl alcohol and the alcohol-soluble 
proline removed us previously deseribed. The amino-acids (0.5 
vin.), chiefly leucine, accompanying the proline contained a little 
hydroxyproline and to recover this the product was treated with 
9) per cent methyl aleohol as described under the preceding 
section, (>). The filtrate containing the hydroxyproline was 
removed and later added to the extract obtained by continuing 
the original extraction for a further 4 days with propyl alcohol. 
The volume of the aqueous hydrolyzed gelatin solution fell during 
the last extraction from 215 to 120 ce. but practically all the bases 
and dicarboxylic acids remained unextracted. The aqueous 
solution contained 12.01 gm. of total nitrogen, of which 7.16 gm. 
were not precipitable by phosphotungstie acid and of this only 
0.71 gm. was non-amino nitrogen. The last 12 hours extraction 
with propyl alcohol extracted only « fraction of a gram of solid 
substance. 

The propyl aleohol extracts were combined with the methy! 
alcohol filtrate above referred to and the alcohols were then 
removed by evaporation under reduced vressure. The residue 
was dissolved in water and made up to 250 ce. This solution, 
it is believed, contains practically the whole of the hydroxy- 
proline together with a large amount of lower amino-acids espe- 
cially alanine, serine, and some glycine. The proportion of 
amino to non-amino nitrogen was about 2:1. <A certain amount 
of purification was effected as follows: The solution was acidified 
with sulfuric acid and precipitated with phosphotungstic acid. 
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A minute amount of oily precipitate was removed and assurance 
was thus obtained of the complete removal of the bases. The 
filtrate was then freed from sulfurne acid and precipitated as 
deseribed under (c) with mercuric acetate (300 ec. of saturated 
solution) and barium hydroxide (30 gm.). The filtrate, after 
quantitative removal of barium and mercury salts, was concen- 
trated under reduced pressure. The solution (100 ec.) contained 
1.51 gm. of non-amino nitrogen and 1.38 gm. of amino nitrogen. 
It was strongly levorotatory showing a = —14.96° in a 1 dm. 
tube. Assuming that the whole of the non-amino nitrogen was 
in the form of hydroxyproline, the concentration of the latter 
would be 14.1 gm. corresponding to a rotation of about — 10.6%. 
It would therefore appear that other levorotatory amino-acids 
were present and of these the presence of serine is almost certain. 

On carefully ervstallizing the above solution by slow evapora- 
tion in the desiccator large amounts (7.2 gm.) of hydroxyproline 
were obtained, but after the removal of one or two crops had 
been effected the products became progressively less pure and no 
further separation was possible. 

After as much as possible of the hydroxyproline had been 
separated by direct crystallization. the mother liquors were 
treated with potassium cyanate as precisely described in Section 
(e). In this way a considerable vield of hydroxyproline hydan- 
toin, soluble in ether, was obtained showing a specific rotation 
of —88°. On hydrolysis of the hydantoin with baryta, an addi- 
tional 5.2 gm. of partially racemic hydroxyproline were obtained, 
making a total of 12.4 gm. (C = 45.5 per cent; H = 6.98 per 
cent). The amount of amino nitrogen in the product was 0.8 
per cent. If one takes into consideration the known experi- 
mental losses of the preceding manipulations, one may conclude 
that the deductions drawn from analytical and optical rotations 
recorded in the preceding paragraph, indicating the presence of 
14.1 per cent of hydroxyproline, are approximately correct. 


Aspartic and Glutamic Acids. 


The separation of the greater part of these acids was very 
simply accomplished as described in the section dealing with 
giveine. Hydrolyzed gelatin was thoroughly extracted with 
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butyl aleohol, the aspartic and glutamic acids together with the 
bases and much glycine remaining in the aqueous solution. The 
bases were removed from the solution by precipitation with phos- 
photungstic acid in the usual fashion and the filtrate after 
removal of sulfuric and phosphotungstic acids was made strongly 
alkaline with barium hydroxide. If 100 gm. of gelatin were used, 
an excess of about 30 @m. of ervystallized barium hydroxide was 
used. The concentrated solution of barium salts (150 ee.) was 
added by degrees with shaking to 95 per cent alcohol (1,500 ce.). 
The precipitated barium salts containing the aspartie, glu- 
tamic, and other di-basie acids if present, together with some 
glycine, were washed with aleohol, dissolved in water, and the 
barium was exactly removed with sulfurie acid. On concentrat- 
ing the solution and allowing it to stand for several days at a 
very low temperature (— 10°), the bulk of the acids readily crys- 
tallized out. The vield of mixed aspartic and glutamic acids 
thus obtained varied from 5.6 to 7.1 per cent. An additional 
amount of the mixed acids was obtained by converting the amino- 
acids in the filtrate into their esters. The fraction boiling below 
100° at 5 mm. pressure was rejected and the remaining esters 
without distillation were hydrolyzed by boiling with barium 
hydroxide solution. The barium was then removed with sul- 
furiec acid. The acid solution was then neutralized with sodium 
hydroxide and treated alternately with silver nitrate and sodium 
hydroxide as long as a white precipitate was obtained. The 
method used was that emploved by the writer for the precipita- 
tion of silver $8-hydroxyglutamate. The precipitated silver 
salts were filtered off, washed with water, and decomposed with 
hvdrogen sulfide. The filtrate on concentration gave a further 
vield of ‘erystalline aspartic and glutamic acids amounting to 
2.1 to 2.5 gm. The total vield of di-basie acids in the best experi- 
ment amounted to 9.2 per cent. 

The mixed acids gave results on analysis indicating a mixture 
of about five parts of glutamie acid to three of aspartic acid. 
This result was confirmed by separation of the glutamic acid as 
hydrochloride in the usual fashion while in another portion of the 
mixed acids barium aspartate was crystallized out from saturated 
baryta solution. (Independent solubility determinations showed 
that under these conditions in an ice box at about 3° the solubil- 
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ity of active barium aspartate is equivalent to 0.5 gm. of aspartic 
acid per 100 ec. of saturated baryta solution. The solubility of 
the optically inactive salt is materially less.) Finally molecular 
weight determinations of the mixed acids by titration, using 
litmus as indicator, gave results closely in accord with the above. 
As a mean of the most satisfactory experiments, it is concluded 
that gelatin contains close to 3.4 per cent of aspartic acid and 
5.8 per cent of glutamie acid. : 

It should be noted here that a careful search was made for 
8-hydroxvglutamic acid which had already been found in easein, 
glindin, and glutenin. It would have been found in the aleohol- 
insoluble barium salts if present but none could be detected. 
Moreover the total acidity, to litmus, of the solution of the mixed 
acids obtained from the barium salts was so nearly equivalent to 
the isolated quantity of aspartic and glutamic acids that it ts 
probably safe to conelude that no significant amount of di-basic 
acid other than glutamic and aspartic acids is present in gelatin. 

Serine. The difficulties of separating serine with existing 
methods from the products of hydrolysis of gelatin are very 
great. The serine mainly accompanies the hydroxyproline and 
on esterifving is found in the high boiling fraction of esters alone 
Ff with the latter substance. The separation of the two acids has 
i proved so far insurmountable, though, owing to its large quantity, 
i much hydroxyproline could be obtained from the mixture by 
2 direct crystallization. From the mother liquors it is possible to 
BS separate as picrolonate large amounts of an acid approaching 

serine In composition and general properties, but its optical 
rotation never coincided exactly with those of pure levo serine 
as prepared by Fischer and Jacobs. In aqueous solution figures 
between —10° and —12° are obtained but unlike pure: /-serine 


it was usually feebly levorotatory in hydrochloric acid solution. 
The difficulties of ervstallizing active serine are well known and 
so far none of the various derivatives tried has proved satisfac- 
tory. The writer’s impression is that gelatin contains relatively 
large amounts of serine and possibly homologies of it in addition, 
hut until improvements in the methods of separation are avail- 
| able a final decision cannot be reached. The figure 0.4 per cent 
; for serine given by Fischer, which is manifestly far too low, ts 
3 therefore retained for the present. 
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Histidine, Arginine. and Lysine.— New determinations of these 
bases appeared unnecessary, but frequent confirmation has 
been obtained of the existing figures furnished by Van Slyke’s 
analvses. The earlier figures of Kossel and Kutscher and of 
Hart while agreeing well for arginine appear somewhat low for 
lysine. 


DISCUSSION OF RESULTS. 


The results of the preceding analysis of the products of the 
hydrolvsis of gelatin are collected in Table i together with the 
main results of other workers. As regards the new results 
attention may be drawn to the high proportion of glycine and the 
very much larger amount of alanine than has been recorded 
hitherto. The figure given for hydroxyproline (14.1 per cent) 
may prove too high as it is based part!y on analytical and polari- 
metric data. As previously stated complete purification of the 
hydroxyproline was not accomplished but at least 7 per cent was 
obtained optically and analytically pure and the presence of 
much more in the mother liquors was certain. A large part of 
the latter was isolated in the partially racemic form by conversion 
into the hydantoin and subsequent hydrolysis. “The amounts 
of proline and leucine accord well with those found by Skraup 
and von Biehler. The new results for aspartic are considerably 
higher than those previously found. The figure given by Skraup 
and von Biehler for glutamic acid (16.8 per cent) is extraordi- 
narily high and certainly no such amount was present in the 
product examined by the writer. It would appear possible that 
glycine hydrochloride, which ervstallizes readily concen- 
trated hydrochloric acid, may have contaminated the glutamic 
acid hydrochloride, and moreover the giveine found by Skraup 
and von Biehler is undoubtedly too low. The vield of serine 
recorded (O.4 per cent) is taken from Fischer's analysis and also 
is undoubtedly much too low. The complete separation of 
serine and hydroxyproline was not accomplished. In addition to 
the substances recorded in the table, a significant amount of 
unidentified sulfur compounds has still to be accounted for. 


x 


ry 


wry 


ve 


4 
| 
% 
j 
| 
4 
i 
& 
3 
44 
# 
> 
2 
= 
g 
¥ 
x 
me 
> 
¢ 
d 
2 


524 Amino-Aecids of Gelatin 


TABLE I. 


Fischer, 
Kutscher. 
percent percent percent per cent 
29.9 16.95 19.25 12.4 
8.7 OS 3.0 0.6 3 
Aminobutyric acid................| None 
found. 
Hydroxyproline............ 3.0 6.4 | 3.0 
Hydroxyglutamie acid............| None. | | | 
| 0.9 | 0.4 | 0.4 


Hydroxyprolylproline Anhydride. 


CH: CH, 
CH 
HOHC | | CH, 


N Ff 


CH, CH, 


This substance was repeatedly encountered in the erude pro- 
line fraetion obtained by, extracting hydrolyzed gelatin with 
butyl aleohol under ordinary pressure. The substance has a 
certain special interest as representing the first peptide to be 
obtained containing the hydroxyproline nucleus and also it 1s 
apparently unique in containing three rings. Experiments made 
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with gelatin that had been partially hvdrolvzed at room tempera- 
ture with 70 per cent sulfurie acid for about a week gave unsatis- 
factory results and it appears that the most suitable material 
for its preparation is obtained by boiling gelatin with dilute sul- 
furic acid as deseribed on page 500, omitting the heating in an 
autoclave. Sulfurie acid is then removed as usual and the con- 
eentrated neutral solution maintained at about 60° is then ex- 
tracted for 2 or 3 days with butyl aleohol under ordinary pressure. 
The extract filtered from insoluble amino-acids is evaporated 
under diminished pressure and dissolved in ten parts of absolute 
aleohol. The filtered alcoholic solution is then evaporated and 
the residue dissolved in a little water and clarified with charcoal 
is allowed to crystallize slowly in a desiccator. Under favorable 
conditions a considerable separation takes place of irregular 
prismatic crystals from the svrupy mother liquor. These erys- 
tals are drained as much as possible by spreading on porous tiles 
and then purified as follows: 5 gm. of the crystalline magma are 
dissolved in 20 ec. of absolute alcohol and then 100 ce. of dry 
ether are gradually added. A yellow sticky mass containing 
much proline and a few crystals separates promptly and is re- 
jected. The mother liquor on evaporation at room temperature 
gives beautiful large prisms of the new substance. The crystals 
are dried on a plate and for analysis are recrystallized from a 
little water in which it is extremely soluble. The vield of peptide 
anhydride varies from a trace to as much as 2.75 per cent of the 
gelatin taken. 


Analysis. 0.1500 gm. gave 0.3141 gm. CO, and 0.0905 gm. H,0O. 
0.2059 “ “ 0.0272 N (Kjeldahl). 


+ H I 
per cent percent percent 
Cateulated for 6 67 13.3 


The substance is very readily soluble in water and aleohol but 
sparingly soluble in pure ether and insoluble in most other organic 
solvents. [ts aqueous solution reacts very feebly acid to litmus 
and on boiling with precipitated copper oxide no blue salt is 
formed. It does not react with bromine water or formaldehyde, 
and gives no nitrogen with nitrous acid. Miullon’s reagent gives 
neither a precipitate nor color. Silver nitrate alone or with 
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ammonia gives no precipitate but on boiling slow reduction 
occurs. Concentrated solutions (1 per cent and over) give an 
orange color on treatment with diazobenzenesulfonie acid and 
sodium ¢arbonate. Phosphotungstic acid partially precipitates 
it from strong solutions, the crystalline phosphotungstate readily 
dissolving in excess of the reagent. Picric acid produces no 
precipitate. 

The optical rotation is notably high and was observed in aqueous 
solutions. 


C =1.0 | = 2.0 a= — 2.84° 
[a], = — 142.0° 


The melting point of the product appears to be variable. 
When erystallized from ether it melts sharply at 102—108° while 
when erystallized from water it melts at 135-140°. This phe- 
nomenon was repeatedly observed but whether it is due to some 
form of isomeric change remains undecided. 

That the substance isolated as above described was actually 
hvdroxvprolv!proline anhvdride possessing the formula given 
above and not the isomeric prolvlproline was proved by hvdrol- 
vsis. 3 gm. of the peptide were heated in a sealed tube with 9 
ec. of fuming hydrobromie acid for 4 hours at 130°. The tube 
was then opened, the contents were diluted with water, and 
evaporated under reduced pressure as far as possible. The 
residue was dissolved in water (20 ce.) and vigorously shaken 
with excess of freshly precipitated silver oxide until the reaction 
was neutral to Congo red. The silver bromide was filtered off 
and silver removed from the filtrate with hydrogen sulfide. 
Qn concentration a completely erystalline mass was obtained 
which was readily separated into soluble proline and insoluble 
hydroxyproline on treatment with absolute alcohol. 

The hydroxyproline weighed 1.40 gm., melted at 263°, and 
contained no amino nitrogen. On analysis it gave 46.1 per cent of 
earbon, 6.83 per cent of hydrogen, and 10.8 per cent of nitrogen. 
Its specific rotation in water (C = 0.93) was —74.8°. The proline 
fraction weighed 1.72 gm. and on treatment with cold absolute 
alcohol a trace more of hydroxyproline was separated. On analysis 
it gave 52.0 per cent of carbon, 7.98 per cent of hydrogen, and 12.0 
per cent of nitrogen. Amino nitrogen wes absent. The proline 
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was partially racemized by the treatment with hydrobromic 
acid, for its specific rotation in water was only —48° and on 
converting it into the copper salt in the usual fashion, part was 
soluble in methyl aleohol while the insoluble portion, on drying, 
gave the characteristic purple-violet copper salt of inactive 
proline. 

Tnactive Proline Hydantoin. 


| 


CH, CH—CO 
SNH 


CO 

Optically active proline hyvdantoin has frequently been made 
use of by the writer for the identification of proline. The inae- 
tive derivative has not hitherto been deseribed. It was prepared 
as follows. Gelatin (100 gm.) was heated in an autoclave at 
130° for 10 hours with erystallized barium hydroxide (250 gm.) 
and water (500 ce.). The mixture was neutralized with sulfurie 
acid, filtered, and concentrated and then extracted for 36 hours 
with butyl aleohol under diminished pressure as already de- 
scribed. The filtered extract was evaporated to dryness and 
taken up in absolute alcohol. The crude proline solution was 
then purified with mereurie acetate as already deseribed for 
the active product. The partially purified vield of proline which 
was entirely inactive amounted to 4.2 gm. 2 gm. of this product 
was greatly warmed on the water bath for 1 hour with 2.0 gm. of 
potassium evanate and 10 ce. of water. The residne was taken 
up in water and made just acid to Congo red with dilute sulfurie 
acid, and then extracted for about 6 hours with ether to remove 
traces of contaminating uramimeo-acics. The aqueous solution 
was then evaporated with 10 ce. of concentrated hydrochlone 
acid to convert the remaining uramino-aecid into the hydantoin. 
On prolonged reextraction with ether r-proline hydantoim was 
obtained in a vield of 1.8 gm. It is extremely soluble in water 
and alcohol, readily soluble in ether and acetone, and sparingly 
soluble in chloroform. It crystallizes from its coneentrated 
aqueous solution in the form of highly refractive apparently 
hexagonal prisms. It melts at a distinetly lower temperature 
than the active variety; namely, 142-148°. 
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528 Amino-Acids of Gelatin 
Analysis. 0.1532 gm. gave 0.2881 gm. CO, and 0.0801 gm. H,O. 
Calculated for CsHsN.O.: 51.4 per cent C; 5.71 per cent H. 
Found: 51.3 per cent C; 5.80 per cent H. 


SUMMARY. 


An analysis of the products of hydrolysis of gelatin has been 
made making use of extraction with butyl! alcohol for the sepa- 
ration of certain groups of amino-acids. 

Butyl aleohol extraction under ordinary pressure readily 
removes the alanine, leucine, and phenylalanine, while hydroxy- 
proline and serine are extracted more slowly. Glycine is ex- 
tracted to a relatively small extent. 

The extraction of proline is best accomplished by extraction 
with butyl aleohol under reduced pressure, thus limiting second- 
ary changes. Propyl aleohol may be used to complete the extrac- 
tion of the hydroxyproline. Various methods are described for 
the separation and purification of proline and hydroxyproline 
together with some new derivations. It was found that hydroxy- 
proline is readily esterified and that much of it passes into the 
ester fraction soluble in ether when liberated with barium hydrox- 
ide. Reasons are advanced for the belief that gelatin may yield 
as much as 14 per cent of hydroxyproline. 

The strong acids and bases from gelatin are not extracted by 
butyl aleohol. The former consist entirely of aspartic and glu- 
tamic acids. The absence of hydroxyglutamic acid was estab- 
lished. The absence of valine and isoleucine was determined. 
Gelatin appears, therefore, a very suitable material for the prep- 
aration of optically pure leucine. 

A new tricyclic peptide from gelatin is described; namely, 
y-hvdroxyprolvlproline anhydride. 

The preparation of the hydantoin deriveratives of /-hydroxy- 
proline and r-proline is also recorded. 

The quantitative results of the estimation of the amino-acids 
from gelatin are recorded in tabular form. The total thus estimated 
amounts to 91.31 per cent to which must be added considerable 
additional amounts of serine and possibly allied substances which 
eould not be satisfactorily separated from the hydroxyproline. 
Unidentified sulfur derivatives are also present. 
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A QUANTITATIVE METHOD FOR THE DETERMINATION 
OF VITAMINE IN CONNECTION WITH DETER- 
MINATIONS OF VITAMINE IN GLANDU- 

LAR AND OTHER TISSUES. 


By FREDERICK K. SWOBODA. 


(From the Hull Laboratories of Physiological Chemistry and Pharmacology, 
('niversity of Chicago, Chicago. ) 


(Reeeived for publication, May 13, 1920.) 


INTRODUCTION. 


The work of Williams' demonstrates that a substance of 
unknown structure, a constituent of yeast, is necessary in addi- 
tion to the ordinary nutrients for the nutrition of yeast cells. 
This substance Williams concludes, based upon _ identical 
occurrence and various properties, is identical with the beri-beri- 
preventing vitamine. He further found that the growth of single 
cells of yeast may be used as a simple biological test for this 
vitamine. His results at the time of the publication of his paper 
also indicated that this test might be of quantitative value. 

The work here presented shows that this vitamine or, as Mc- 
Collum calls it, the water-soluble B growth-promoting substance 
ean be quantitatively determined by this simple biological method. 


The Method. 
The Preparation and Extraction of the Tissues. 


The tissues examined in the following experiments were obtained 
as fresh as possible and were immediately treated as follows. 
The connective tissue and fat were first removed in order to 
obtain the desired tissue as pure as possible. The tissue was 
then finely divided, well mixed, and a weighed portion then 


t Williams, R. J., J. Biol. Chem., 1919, xxxviii, 465. 
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dried at 3 mm. pressure in a partial ether atmosphere over con- 
centrated H.SO, for 24 hours. The approximate dry weight was 
then taken. The tissues at this stage were in such a condition 
that they could be ground up easily with plaster of Paris. This 
mixture was allowed to stand in a vacuum desiccator for 2 days, 
reground, and again reground immediately before the extraction. 
In the cases where not all the tissue was necessary in one experi- 
ment and analysis, the total weight of the mixture was obtained 
and a definite amount of the well mixed material taken for anal- 
vsis. This was transferred quantitatively into the cup of the 
Koch extractor which had been thoroughly dried in an oven at 
103°C.; the open end of the condenser was connected by means 
of a cork stopper, covered with tin-foil, with a filled calcium 
chloride tube which had been bent in order to avoid the possible 
falling of particles of CaCl, into the extractor. The tissue was 
then extracted for 6 hours with commercial absolute ether which 
had been further dried by standing over metallic sodium for 
at least 12 hours before use. After most of the ether vapor had 
been removed from the extractor the extraction with 95 per cent 
redistilled aleohol was started and continued for 18 consecutive 
hours. In the preliminary experiments a second alcoholic extrac- 
tion was made. The alcoholic extract was slowly evaporated to 
drvness on a steam bath avoiding overheating. ‘The residue was 
dried in a desiccator over concentrated H.SO,, then dissolved in 
distilled water, and made up to definite volume. Undissolved 
particles were filtered off after the solution of all vitamine had 
been insured by slightly warming. This solution was then 
analvzed by the veast cell method for its content of aleohol- 
water-soluble vitamine. 


The Yeast Cell Method. 


Preparations.— The veast cell method has been simplified to a 
great extent by Williams and myself since the first publication of 
the method. We found that more uniform results could be 
obtained by using commercial compressed yeast instead of pure 
cultures. In all the experiments Fleischmann’s compressed 
veast was used. 

A growth medium containing all the essential inorganic con- 
stituents, sugar, and organic nitrogen was prepared as follows: 
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20 gm. saccharose (Kahlbaum’s). 

3 (NH,)2SO,; (Merck’s). 

2 “ KH.PO, 

15 “ asparagine (Kahlbaum’s, twice recrystallized). 

0.25 “ CaCl. (Merck’s). 

0.25 “ MgSO, 
These constituents were dissolved in 1 liter of redistilled water. 
The medium was kept in the ice box after it had been sterilized 
to avoid any bacterial contamination. 

The greatest difficulty was experienced in preparing the cover- 
slips so that they were perfectly clean, and at the same time that 
uniform hanging drops could be obtained. The following method 
was finally adopted as giving the most satisfactory results. After 
the cover-slips had been thoroughly cleaned, first with soap and 
water, then with cleaning solution, and rinsed with distilled 
water until all traces of the cleaning mixture had been removed, 
they were placed singly on a drying rack especially prepared for 
this purpose and dried in the oven at 103°C. They were then 
immersed in a solution containing | drop of molten vaseline in 
200 ce. of redistilled benzene. The cover-slips were then dried 
with a towel and dried in the oven at 103°C. It was found that 
the cover-slips so prepared were very satisfactory, for one can 
easily obtain drops of uniform size on such a surface, whereas, 
when they are kept in alcohol, considerable difficulty is experi- 
enced in this respect. 

The solutions to be tested were prepared as follows. 25 ce. of 
the sterile medium were measured by means of a pipette into a 
150 ee. Erlenmever flask, to this was added a known amount of 
the unknown solution which had been prepared as deseribed 
above, and then sufficient water to bring the total to 30 ce. Of 
each concentration duplicates were prepared. blank test 
accompanied each set of analyses. All the solutions so prepared 
and those which had to be preserved for future use, as well as 
the pipettes and distilled water which were used for the analysis, 
were now sterilized for 10 minutes at 10 pounds pressure. 

The Method.—The following procedure was carried on inside a 
sterile cupboard prepared for the purpose. This cupboard was 
sterilized by means of a spray of 50 per cent alcohol 24 hours 
before use. The sliding glass door was opened only far enough to 
permit free movement of the hands of the operator. 
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A cake of Fleischmann’s yeast was broken in half inside the 
sterile cupboard and a piece as large as three pin heads was 
broken off from the inside of the broken surface by means of a 
sterile pen and transferred to a test-tube containing about 15 ee. 
of sterile distilled water. The right concentration of suspension 
of veast cells was usually obtained when the solution showed just 
slight turbidity. A 1 ee. sterile pipette was introduced into the 
suspension. At the mouthpiece of the pipette a rubber tubing 
was attached with a good sized cotton plug at one end. By 
blowing through the tube and pipette a uniform suspension of 
yeast was insured. ‘A pinch-cock regulated the amount of air 
needed for suction or pressure. After all the yeast had been 
suspended, or nearly so, the suspension was allowed to stand for 
1 or 2 minutes to allow agglutinated masses of yeast cells or 
heavier particles to sink to the bottom. 1 ee. of the suspension 
was then pipetted from the supernatant liquid and transferred 
to a test solution. By test solution is meant a solution of the 
same volume as the solution of the water-dissolved alcohol extract 
to be tested. It is necessary to carry out this preliminary trial, 
because the concentration of yeast cells in the suspension is of 
utmost importance. After gently shaking this very dilute sus- 
pension for about | minute, a sterile pen was dipped into it and 
36 drops were made on a cover-slip prepared as deseribed above 
and immediately inverted on a hollow ground slide prepared with 
vaseline so as to seal the chamber air-tight. After the time of 
seeding of the solution had been recorded the drops were imme- 
diately examined with the low power of the microscope. <A 
mechanical stage was found to assist greatly in the analysis of 
the drops. Only those drops were taken into consideration which 
contained only one or at most two single cells and no foreign con- 
tumination. When too many single cells were found per drop on 
the average, the suspension was diluted with distilled water until 
satisfactory. On the other hand if too few single cells were found 
a higher concentration could be obtained by pipetting from nearer 
the bottom of the first suspension instead of from the surface as 
indicated above, where a desirable concentration of yeast cells 
is assumed in the first more concentrated suspension. After the 
right way of seeding had been determined all the solutions to be 
tested were treated in the same way. Of each concentration of 
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vitamine to be tested two analyses were made, and for each 


analysis 36 hanging drops were made and observed, making a 
total of 72 hanging drops for each concentration. By using a 
standard pen and cover-slips as described above uniformly sized 
drops were easily obtained. Ivery drop was examined micro- 
scopically and a record kept for every slide as follows. 


Reading for Cover-Slips. 


Solution la, Table I. 


First reading. 6 hr. reading. IS hr. reading. . 
S| jes} [ts] 
S 3 | 
“2 
2s| |S | 2/2) | 
aan 
2s| |S 45; | 1 
4 
S| |. |2s} |2s}4 
The large square represents the cover-slip. 7 
Every small square represents a hanging drop. a 


S = one single cell. 
233 = two “cells. 
+- = more colonies found than could be accounted for. 
x = wild veast colonies. 
0 = cell died and autolyzed. 


On the average about 65 single cells were taken into considera- 
tion for every concentration examined. After the drops had 
been examined the slide was incubated at 30°C. After 5 to 6 
hours incubation the slides were reexamined. Only slight growth 
had taken place during this time. All the drops which were 
noted to contain single cells were carefully reexamined and the 
growth was recorded. Any drop in which more colonies were 
found than could be expected from the number of single cells 
recorded in the first reading was excluded from the final con. 
sideration. After a total incubation of 18 hours all drops were 
carefully reexamined and all changes noted. The cells were 
counted carefully by using the high power of the microscope and 
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recorded. Wild yeast colonies could easily be differentiated at 
this stage. Drops containing such wild veast colonies, or cells 
which had not multiplied at all, or cells which had autolyzed were 
not considered. All other cells were considered in the final 
ealeulation. The minimum and maximum growths are here 
recorded, but the average growth given is the average of all the 
readings considered. From the average growth the final values 
were calculated; vzz., the number of cells which would have been 
obtained if in 18 hours we had used the extract of 1 gm. of tissue 
for one cell, in the same volume, assuming that the growth would 
have been proportional, which is, of course, not exactly warranted. 


EXPERIMENTAL, 
Prelim inary Experiments 


Two ripe Brazil nuts were ground up and prepared as deseribed 
above. ‘Two separate extractions were made of the same sample. 
The extracts were analyzed separately by the veast multiplica- 
tion method. The results obtained are shown in Tables I and II. 

lor the first analysis relatively smaller quantities were used 
and accordingly the cell multiplication was smaller than in the 
subsequent analysis. On the other hand we observed that the 
values finally caleulated are relatively higher for the first analysis. 
Two factors may account for this. We obtained for the blank 
test « multiplication of about three and one-half cells on the 
average from one single cell. Theoretically no multiplication 
should take place. We know that yeast needs this substance for 
its development and contains relatively large quantities. In 
making the veast suspension, theoretically we suspend only 
yeast cells, but we undoubtedly dissolve some of the adhering 
material as well as some dead disintegrated veast cells, both of 
which may vield traces of vitamine. A second factor to which 
we may ascribe this multiplication is the probable storage of 
vitamine in the yeast cell The yeast cell when grown on a rich 
medium will undoubtedly have stored an excess of this particular 
vitamine. This excess may then consequently be used when this 
vitamine is absent from the diet. We must consequently take 
these factors into consideration when a relatively small multi- 
plication of yeast cells takes place. 
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TABLE 1. 


Brazil Nut. Analysis I. 


Average growth. No. of cells equivalent to gm. tissue 
No. of Minimum Maximum 


solution.* growth. growth | 
I 2 Fresh. Dried Fresh. Dried 


rot | 10.4 1.040 1,093 


54 OSS 1,04] 
2a 
| 14.6 S72 O24 
2b 14.3 
2 4 2 78 is 


* Solutions la and Ib represent O.OLOOO gm. fresh tissue, 0.00948 gm. 
dried tissue, respectively. 
Solutions 2a and 2b represent 0.01675 gm. fresh tissue, 0.01580 gm. 
dried tissue, respectively. 
t The small index numbers indicate the nurmbers of single veast cells 
observed. 


TABLE 


Brazil Nut. Analysis I. 


\verage growth. No.of cells equivalent to l gm. tissue. 


No. of Minimam 
solution.* growth growth, 
2 Dried. Dried. 
la i] 8.5 
16 29.9 SSD 
Ib 4) 4 
31 31 S78 O27 
wil 
S70 GIS 
L6 
19 36 36 é6 67 67 


* Solutions la and Ib represent 0.08384 gm. fresh tissue, 0.03204 gm. 
dried tissue, respectively. 

Solutions 2a and 2b represent 0.05640 gm. fresh tissue, 0.05340 gm. 
dried tissue, respectively. 
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Fig. 1 corresponds to Table I and Fig. 2 to Table II. From 
these figures we can conclude that these factors are negligible 
when, under standard conditions, we have ten or more cells 
developed from one single yeast cell. We find that the value 
obtained for Solution la of Analysis I is theoretically too high, 
whereas Solution 2 of the same analysis corresponds to the values 
obtained from thé two dilutions of the second analysis. 

A second alcohol extraction was made on the residues of both 
analyses. Vitamine was absent in both cases in these second 
extractions. Consequently it was considered sufficient to extract 
the preparation for 14 hours especially since smaller amounts 
were employed in the succeeding experiments, these being rela- 
tively high in vitamine. 

To see whether any vitamine was lost during the ether extrac- 
tion, analyses were made on the aqueous suspensions of the 
residues of the ether extracts. It was found that no multiplica- 
tion of veast cells took place. The extraction with absolute 
ether, therefore, in confirmation of Williams’ findings does not 
remove any of the specific substance necessary for the multipli- 
cation of the single veast cell. It may be noted from experi- 
ments not reported in detail in this paper that when ordinary 
ether was used in the extraction appreciable vitamine was found 
to be present in the ether extract. This probably accounts for 
the varving results obtained by other observers on ether extracts 
in animal feeding experiments. 

The experiments reported in Tables III and IV give further 
proof for the quantitative value of the results obtained in this 
first experiment. 

As in the first experiment, duplicate analyses of two different 
dilutions were made and in summary Tables III and LV the cal- 
culated v\itamine numbers for these different dilutions are reported. 


Discussion of Experiments Made on Organs of Internal Secretion. 


Various observers have found that glandular organs are rela- 
tively high in vitamines. MeCollum? reports a high vitamine 
content (both the fat-soluble A and water-soluble growth- 


?MeCollum, E. V., The newer knowledge of nutritton, New York, 
L919, 
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promoting substances) in glandular organs. T'unk and Douglas’ 
found on the other hand that practically all organs of internal 
secretion, with a very few exceptions, were atrophied in avian 
polyneuritis. It was thought, in consequence of these reports, 


PABLIE 
Summary of the Results of the Vitamine Determinations of Organs of Internal 
Secretion. 


Dilution 1 Dilution 2. 


Substance Water, Vitamine number.* Vitamine number. 
Fresh Dried | Deed 
tissue. tissue. 7 tissue. tissue. 
per 
‘ent 
Liver, Ox 1 ..| & 2,445 30 958 (2,899 
Pituitary, Dog 1.. 71.81,760(?) 6,250(?); 36 11,293 (?) 4,600 28 
78 | 411 «(11,846 29, 402 |1,802 | 16 
Pineal, 580 3,000 20; 576 (2,980 | 19 
Kidney, Dog 7) 1,413 52; 386 (1,546 39 
Suprarenal, “ 1.. 01.3; 442 915 36 458 O40 30 
Testis, 83.2) 155 924 116 | 
ram. SO 465 3,241 25 450 5.142 | BB 
Ovaries, Dog 2 492.8 2487 890 14 | 264 953 | 
pregnant 

dog 44.5| 233 G15 Ob 234 O17 25 

Thyroid, Dog 1 74.6 376 1,360 39 t 
“ 2 105 455 29 117 SOT 17 
Lympn. 56 90.7 207 19 74.5 170 31 
Pancreas, 71.8 170 28 4] 12S 20 
OS.7 216 20 96.5 200 
Sciatie nerve, Dog 1.. 50.4 408 PO4 590 31 


* The vitamine number is the number of veast cells which would grow 
from one single cell under the standard condition in 18 hrs. in presence 
of vitamine extracted from 1 gm. of tissue. 

t See discussion under ‘Thvyroid.’”’ 


that the substance which promotes the multiplication of the 
yeast cell and which has been shown to be identical with the 
beri-beri curative vitamine by Williams! must be of great impor- 


$’ Funk, C., and Douglas, M.. J. Phystol., 1913-14, xlvii, 475. 


: 
k 
* 
= 
| 


F. K. Swoboda 541 


tance to the organs of internal secretion and that a quantitative 
study as to its distribution in various organs might throw some 
light on its function or origin. 

In Tables III and IV the summaries of the results of these 
experiments are reported. Most of the tissues were obtained 
from dogs. Those tissues marked “Dog 1” were obtained from 
a voung dog which was killed and bled specially for the purpose. 
Only a few tissues were obtained from other animals as will be 
indicated in the proper place. 


Liver. 


In avian polyneuritis Funk and Douglas* found the liver in all 
cases to show a distinct cloudy swelling and in places to have 
broken cells leaving in some cases only the outline of the inter- 
lobular capillaries 

MeCollum? reports that the liver is especially high in coutent 
of the water-soluble B growth-promoting substance. 

Two different analyses were made of the liver of the ox. From 
Table IIT we can see that the liver contains comparatively large 
quantities of the specific vitamine. 

It is evident from Funk's findings that the absence of the 
beri-beri curative vitamine is fatal to the hepatic cell. He reports 
further that the fatty droplets, which normally are found in the 
cells of the liver, are not to be seen in the liver of birds which had 
shown primary conditions of beri-ben. This fact may indicate 
that the vitamine is not only necessary for the maintenance of 
the hepatie cell, but also, that the liver stores the excess of the 
vitamine. 

The liver of Dog 1 also was analyzed. Relatively large quanti- 
ties of vitamine were found in comparison with other organs of 
the dog. The vitamine number obtained for the dog liver is 
relatively much lower than that obtained for the ox liver. Whether 
this is a constant difference for these animals or whether it varies 
among individuals of the same species remains to be determined. 
On the other hand it is well known that the composition of the 
liver varies considerably from time to time depending on many 
factors. 
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Pituitary. 


The pituitary obtained from Dog 1 proved to be very small in 
size and weight. Nevertheless an analysis was made. ‘The cal- 
culated vitamine number indicated a high vitamine content. 
The number is undoubtedly too high, for reasons explained 
previously. 

In order to obtain more convincing results the pituitary of a 
larger animal was chosen. We were able to obtain the pituitaries 
of cows directly from the slaughter houses due to the courtesy of 


TABLE IV. 


Summary of the Results of the Vitamine Determinations of the Different 
Parts of the Pituitary of the Cow. 


Dilution 1. Dilution 2, 
W Vitamine num- | Vitamine num- 
Substance. ater er. zee her. age 
Fresh Dried Fresh’ Dried 
tissue. | tissue. | tissue. tissue. | 
per cen i 
Pituitary, whole...........|/ 411 1,846 29 402 | 1,802) 16 
Anterior lobe, Cow 1..... 74.5 | 384 | 1,512) 39 497 1,684 43 
Pars intermedia, Cow 1..... 74.7.) 65S 660 35 2.170: 44 
75.5 | 375 | 1,740' 10 | 474 | 1,985) 27 
Posterior lobe. SOY 62 .2 40 20 
124. 39 | 115 467, 24 


Armour and Company. Two whole glands were used for the 
analyses. <A high vitamine content was found. This is in agree- 
ment with the tindings of Funk and Douglas* who report in 
avian polyneuritis a distinct degeneration of the pituitary. 

The distinct physiological function of the three different parts 
of pituitary, the anterior lobe, pars intermedia, and posterior 
lobe, is generally admitted today. It was thought of interest to 
find the location of the vitamine in the pituitary. Two different 
lots of pituitaries were carefully dissected into the three parts. 
Analyses were made of the different parts and lots. The sum- 
of the results is reported Table iV. 
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A. Anterior Lobe of the Pituitary.—In both analyses a high 
vitamine content was found. The vitamine number of both 
analyses is of the same order, the difference being well within 
the limits of experimental error of this biological test. 

The importance of the anterior lobe to growth in general and 
sex development particularly has been shown by numerous 
workers. From the recent article of Goetsch* we can see that 
the overactivity of the anterior lobe is always associated with 
overactivity of the sex glands whereas deficiency is followed by 
underdevelopment of the sex glands in the voung and sexual 
impotence in the old. This relation is also suggested by the high 
vitamine content of both the anterior lobe of the pituitary and 
the testicles and ovaries, as will be shown later. 

It is also of interest to learn from Funk and Douglas’ paper 
that in avian polyneuritis especially the anterior lobe showed 
distinct disintegration, the number of cells being greatly dimin- 
ished. On the other hand Dutcher® reports that tethelin, the 
extract of the anterior lobe, relieved pigeons of the paralytic 
symptoms brought about by experimental polyneuritis on a 
deficient vitamine diet. These facts and the finding of large 
quantities of vitamine in the anterior lobe give further proof 
that the vitamine which increases the speed of multiplication of 
the veast cell is identical with the beri-berl curative substance as 
shown by Wilhams.! 

B. Pars Intermedia of the Pituitary. Analyses of two different 
lots were made. The vitaumine numbers obtained for these diff- 
erent lots are both relatively high but differ decidedly from one 
another. This probably can be explained by the difficulty of 
separating the posterior lobe from the pars intermedia, the sepa- 
ration never being complete, although the greatest eare was 
emploved in the dissection. 

Histologically the pars intermedia differs from the anterior 
lobe in being less vascular. On the other hand, the pars inter- 
media is well marked off from the posterior lobe which 1s also 
often called pars nervosa. It will be seen from the following 
experiments that the posterior lobe contains relatively little of 
the vitamine. 


Coetsch Surqg., Gynec. and Ohbst., 1917, xxv, 220. 


Dutcher, R. A.. J. Biol. Chem.. 1919. xxxix, 63. 
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(. Posterior Lobe of the Pituwitary.—-In both analyses the vita- 
mine content was found to be relatively low. As this lobe con- 
sists mainly of nervous tissue and shows no change in avian 
polyneuritis, the low values found are not surprising. 

D. Colloid of the Pituitary.—A few hardened pieces of colloid 
were found during dissection of the glands. The results of the 
analysis are reported in Table LV. 

Only small amounts of vitamine were found. ‘These low vita- 
mine numbers do not necessarily indicate that the colloid is not 
to be considered the secretion of the gland. These colloid par- 
ticles which we were able to collect are probably disintegrated 
material, and may differ chemieally very much from the original] 
fluid colloid found in the pars intermedia. 

When we calculate the total vitamine content of the gland on 
the basis of the data of the various parts we obtain numbers 
which differ only shghtly from the vitamine number obtained by 
analysis of the whole gland. 


Analysis I. 


Caleulated 


(‘ells er 
number 


Wi of cells for 

whole. 

Posterior lobe 7.1609 ol4 
Pars intermedia S 662 59S 5,190 
Anterior lobe 14 S60 407 6.0385 
Colloid O35 176 62 

Analysis 

Pars intermedia. 2 233 $44 
Posterior lobe.... O32 112 104 


S090 379 5, 269 


The pituitary analvzed as a whole gave « vitamine number of 


408 cells per gm. of tissue. 
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Pineal Gland. 


Six pineal glands of cows were obtained directly from the 
slaughter house. The results of the analysis of these glands are 
reported in Table III. The vitamine number was found to be 
somewhat higher than for the pituitary. 

The present day knowledge of this gland seems to indicate a 
close relation of the pineal gland to the sex glands. MleCord in 
his recent paper® states in his summary that disturbances of the 
function of the pineal gland are followed by an early sexual 
development evidenced in the enlarged genitalia, early change in 
voice, by precocious mental development, and by general over- 
growth of the body. The administration of the pineal gland to 
young animals is reported to hasten sexual maturity and growth. 


Kidney. 


Funk and Douglas’ report in all cases of avian polyneuritis 
tubular changes, consisting of the swelling and breaking up of 
the protoplasm of the cells, while the nucleus showed signs of 
pyenosis. Thev also report changes of the glomeruli and of the 
intertubular capillaries and slight edematous conditions of the 
interstitial tissue. Cooper? on the other hand finds that the 
kidney tissue is a very efficient beri-bert curative. 

In agreement with these findings are the results of the vitamine 
analysis of the kidney of Dog 1. Remarkable quantities of 
vitamine were found. 


Suprarenal, 


The suprarenal was found to be slightly changed in avian 
polvneuritis by Funk. He reports slight degeneration in both 
the cortical and medullary cells. 

The suprarenal gland obtained from Dog 1 was analyzed tor 
vitamine. Considerable quantities were found when the fresh 
tissue weight is considered. 

The relation of the suprarenal to the sex glands was reported 
in 1836 by Nagel’ who found that animals with large sex 


® McCord, C. P., Surg., Gynec. and Obst., 1917, xxv, 250. 
Cooper, A., J., 114, viii, 250. 
*Nagel, W., Arch. Anat., Physiol. u. wissench. Med., 1836, 366, 
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glands and intensely developed sexual activity possess large 
suprarenals. Vincent® states that there is considerable amount of 
clinical evidence that tumors of the suprarenal cortex are fre- 
quently associated with sex abnormalities. Bullock and Sequeira!® 
and Glynn" report that children with hypernephroma show pre- 
mature development of the whole body in general, but especially 
premature development of the sex glands. 


Thyroid. 


Funk finds in avian polyneuritis marked degeneration of the 
cells of the thyroid. Consequently an analysis for vitamine was 
made. 

It was found that when 5 ce. of the water-dissolved extract 
were used for the analysis most of the yeast cells died during the 
experiment and the remaining did not grow nearly so well as 
those of the blank solution. When 3 ec. of the extract were used 
the growth was equal to that of the blank. Some cells were 
found to have died during the experiment but not nearly so 
many as when 5 ec. of the extract were used. When only 1 ce. 
of the extract was analyzed by the yeast cell method all cells 
grew and a noticeable increase in the multiplication was noted 
over the blank test. It is evident that the thvroid extract is 
poisonous to the veast cell when added to the medium in large 
quantities, but when only a small amount is added a noticeable 
effect on the multiplication of the veast cells takes place showing 
the presence of considerable quantities of vitamine. 

The relation of the thyroid to other organs of internal secretion 
has been shown by numerous workers. Hofmeister’ found that 
extirpation of the thyroid causes enlargement of the anterior 
lobe of the pituitary and degeneration of the uriniferous tubules 
of the kidney. Von Eiselberg’ finds that after extirpation the 

*Vineent, S., Surg., Gynec. and Obst., 1917, xxv, 2094. 

10 Bullock, W., and Sequeira, J., Tr. Path. Soc. London, 1905, lvi, 189. 

E., Quart. J. Med., 1911-12, v, 157. 

2 Hofmeister, F., Beitr. klin. Chir., 1804, xii, 245; Deutsch. med. Woch., 
ISO6, Xxil, 

Eiselberg, A., Arch. i:lin. Chir., 1895, xlix, 207. Deutsch. Z. Chir., 
1901, Ixiv, 259, 
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sexual glands are affected and growth is retarded. Biedl** reports 
a hypertrophy of the suprarenal. Alquier and Theuveny" find 
after thyroidectomy degenerated testicles and diminished sperma- 
togenesis. 

Thymus. 


In avian polyneuritis the complete disappearance of the thy- 
mus is reported by Funk and Douglas. On the other hand we 
find from the recent work of Uhlenhuth'® that the thymus as such 
does not contain the specifie growth-promoting substance. 

An analvsis was made on the thymus of a voung dog. Only 
relatively little vitamine was found. It is interesting to note 
from a recent article of Hewer’ that large quantities of thymus 
are necessary to have an appreciable effect in feeding experiments. 

Many divergent statements are found in the literature as to 
the relation of the thymus to the sex glands. As to the influence 
of thymectomy Paton!® observes after removal of the thymus an 
increase in weight of the testis whereas the results of the experi- 
ments of Halnan and Marshall’? show the opposite; namely, 
decrease in weight of the testis. On the other hand we find from 
the work of Pappenheimer*® that thymectomy had no influence 
on the development of the young animal. From these results it 
seems that the thymus has only a secondary function in develop- 
ment and growth. 

Testis. 


Funk found the testicles greatly atrophied in avian beri-beri. 
Knowing of the close relation of the organs of internal secretion 
to the sex glands and particularly knowing that all those organs 
of internal secretion which are of physiological significance 
to the sex glands have a high vitamine content, we were not 
surprised to find large quantities of vitamine in the sex glands. 


4 Bied!l, A., Wien. klin. Woch., 1901, xiv, 1278; Wien. Alin., 1903, 
xxix, 

‘8 Alquier, L., and Theuveny, L., Compt. rend. Soc. biol., 1908, Ixiv, 663. 

‘6 Uhlenhuth, E., Endocrinology, 1919, iii, 285. 

17 Hewer, E. E., J. Physiol., 1913-14, xlvii, 479. 

'8 Paton, D. N., J. Physiol., 1911, xlii, 267. 


‘9 Halnan, E. T., and Marshall, F. H. A., Proc. Roy. Soc. London, Series 


B, 1914, Ixxxviii, 68. 
20 Pappenheimer, A. M., Surg., Gynec. and Obst., 1917, xxv, 276. 
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The testicles of two different species were analyzed. The tes- 
ticles of Dog 1, which was a young dog and probably not full 
grown, showed a high vitamine content. The testicles of a ram 
also were analyzed and were found to be very much higher in 
vitamine. ‘Table III gives the results of these experiments. 

An attempt was made to dissect out of the testicle of the ram 
the interstitial glands. Only a few mg. of fresh material were 
obtained. When analyzed by the yeast cell method only a 
slight increase of the speed of multiplication was noted over that 
of the blank solution. As only very little material was to be 
accounted for, even a very little increase in growth indicates a 
high vitamine content of the interstitial glands. These experi- 
ments will be repeated on a vasectomized animal and will be 
reported later. 

Ovaries. 


In avian polyneuritis funk found the size of the ovaries greatly 
diminished. 

Two fully developed female dogs were killed. One was preg- 
nant and the other not. ‘The ovaries were removed and analyzed 
for vitamine. In the pregnant dog the ovaries were twice as 
heavy as those obtained from the normal dog and showed the 
presence of many corpora lutea. The vitamine concentration is 
of the same order in both cases, but since the ovaries were twice | 
as heavy in the pregnant as in the non-pregnant animal the 
total amount is about twice as much vitamine. Whether this is 
related to the corpora lutea content has not been determined. 


Sciatic Nerve. 


Disintegration of the axis evlinder of the sciatic nerve has 
frequently been reported as reason for the paralytic symptoms 
in beri-beri. The sciatic nerve was obtained from Dog 1 and 
analyzed for vitamine. Considerable amounts of vitamine were 
found in proportion to the fresh weight of the nerve. 


Lymph Gland. 


The lymph gland of Dog 1 was analyzed for vitamine. The 
results of the analysis are reported in Table IIT. 
Only traces of vitamine were found. 


‘ 
$ 
“4 
& 
4 
a 
We 
&. 
Fe 
| 


F. Swoboda 549 


Pancreas. 


Funk and Douglas® report that in avian polyneuritis the pan- 
creas Was not diminished in size nor histologically changed. 

The pancreas of Dog 1 when analyzed gave an exceedingly low 
Vitamine number. 

The finding is partly contradictory to the finding of Williams’ 
who found that pancreatin decidedly increased the speed of 
multiplication of the yeast cell, and to the findings of Eddy?! who 
reported that the feeding of the pancreas increases the growth of 
white rats when added to a diet deficient in water-soluble B 
growth-promoting substance. Eddy in his feeding experiments 
used an evaporated extract obtained by extracting a sheep pan- 
creas with 95 per cent aleohol of O.8 per cent HCl strength 
Hydrolvsis will certainly take place to a certain limit in such an 
acid concentration. Previous observers also found that hydro- 
lyzed extracts are more curative for beri-beri than unhydrolyzed 
extracts. It is very likely that the pancreatin used by Williams 
was also slightly hydrolwzed. 

These results would indicate that we might possibly have a 
vitamine precursor present in the pancreas. In order to verify 
the results obtained from the analysis of the first pancreas another 
one was obtained. The second pancreas was obtained from the 
same normal female dog from which the ovaries were obtained. 
The results are identical with the first determination and verify 
the vitamine number obtained for the fresh pancreas. 


DISCUSSION. 


From the foregoing experiments it is clear that the veast cells, 
when grown on a synthetic medium containing sugar, asparagine. 
ammonium nitrogen, potassium, calcium, magnesium, sulfate. 
and phosphate, are dependent for their growth on a substance, 
soluble in 95 per cent aleohol and water, but of unknown 
chemical structure. This substance stimulates the growth of the 
yeast cell, or the multiplication of the cell, so that a unit weight 
of this substance is essential for the growth of a definite number 
of yeast cells. This finding was made the basis of the present 


hddy, W. H., J. Biol. Chem., 1916, xxvii, 113. 
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method for the quantitative determination of this substance 
which in all probability is identical with the beri-beri curative 
vitamine. In all experiments, except the one with the thyroid 
extract, the quantitative relation between unit weight of vita- 
mine and number of veast cells produced has been demonstrated. 
In the case of the thyroid extract we undoubtedly have to deal 
with a substance which is toxic to the veast cells, in addition to 
the growth-promoting substance. So we have in the thyroid 
extract really not an exception, but a more complicated situation. 

The foregoing experiments also show the distribution of vita- 
mine in the animal body. We find the pituitary and pineal 
gland highest in vitamine content. Although little may be 
known at present of the function of these glands still there seems 
to be enough experimental evidence to indicate their close rela- 
tion to growth and sex development. Most of the other organs 
of internal secretion—suprarenal, testis, ovaries, and thyroid, all 
of importance to growth development—contain about the same 
amount of vitamine per gram of dried tissue. A somewhat higher 
concentration of vitamine is found in liver and kidney. On the 
other hand little was found in those glands which contain much 
nuclear material—the thymus, pancreas, and lymph gland. This 
fact may be partly contradictory to the facet that a high amount 
is found in the veast cells also containing large quantities of 
nuclear material. The experiments with the pancreas seem to 
indicate that the vitamine is present here in the form of vita- 
minogen. This vitaminogen may be acted upon by acids or 
possibly ferments to liberate the active growth-promoting sub- 
stance. It is interesting to note that the sciatic nerve also con- 
tains remarkable quantities of vitamine. 

The experiments of Funk and Emmett and Allen® showed 
that all these organs were primarily affected by vitamine defi- 
elency. The finding of vitamine in all these organs seems to 
indicate the importance of vitamine for growth or sex develop- 
ment. Whether this vitamine is a growth-promoting substance, 
e.g. Whether it facilitates the building up of the animal body 
in general only, or whether it is particularly a sex-promoting 
substance, remains to be determined. 


22 Emmett, A. D., and Allen, F. P., J. Biol. Chem., 1920, xli, p. hii. 
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SUMMARY. 


1. The biological test of Williams for the detection of small 
quantities of the water-soluble B vitamine was developed and 
found to be of quantitative value. 

2. The method was applied and the vitamine content of various 
organs determined. A summary of all determinations, giving 
the different vitamine numbers, is found in Tables III and IV. 

4. From the results of these determinations it is evident that 
this specific vitamine is present in large quantities in most of the 
organs of internal secretion which are of developmental impor- 
tance, whereas it usually is present in very much lower concen- 
trations in other organs examined. ‘The liver and kidney, how- 
ever, are high in vitamine content. 

4. The tissues high in nuclear material, such as thymus and 
lvmph gland, were found low in vitamine content 

5. The fresh pancreas was found low in activity. It is sug- 
gested that high content reported by others may be due to 
hydrolysis. 

6. The thvroid was the only organ in which an increase in con- 
centration of the vitamine fraction caused a toxie action. With- 
out proper dilution the vitamine activity would not be observed. 

7. These vitamine determinations brought additional evidence 
that the substance which increases the multiplication of the yeast 
cell is identical with the beri beri curative vitamine 


In conelusion I wish to acknowledge my indebtedness to 
Professor F. C. Koch and Dr. R. J. Williams for valuable advice 
viven me throughout the research, and Dr. M. Hines for her 
assistunce in the dissection of different organs. 
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STUDIES OF AUTOLYSIS. 


VI. EFFECT OF CERTAIN COLLOIDS UPON AUTOLYSIS. 
By H. C. BRADLEY anp FELSHER, 


From the Laboratory of Physiological Chemistry, University of Wisconsin, 
Madison.) 


Received for publication, September 2, 1920.) 


In 1007, Aseoli and Izar' published the first of a series of inter- 
esting observations on the effect of inorganic colloids upon the 
rate and extent of autolysis. The results reported in this first 
paper show that the metallic hydrosols, gold, silver, and platinum, 
are able to increase autolysis verv markedly. Thus 9 mg. of 
colloidal silver in a digest containing 20 em. of liver were sufficient 
to cause a LOO per cent inerease of digestion in a period of 60 
hours. The three metals were found to behave exactly alike, 
except for minor quantitative differences. The effect appeared 
to be due, therefore, to the colloidal state rather than to any 
chemical action which would be specifie for the element added. 

Autolvsis was determined by removal of proteins by heat coagu- 
lation and acetie acid, and the estimation of non-coagulable nitro- 
gen in the filtrate. In subsequent papers the coagulation was 
performed in the presence of an excess of KH.PO,s. The metallic 
hvdrosols were found to increase autolysis in slightly alkaline 
mixtures as effectively as in the normally acid digests. This 
statement is of particular interest when it is recalled that alkaline 
or even neutral tissue pulps normally do not autolyze at all. The 
colloids would appear to be remarkably effective if they can over- 
come the regular inhibitory effect of alkah. 

The authors give three possible explanations of the mechanism 
of increased autolysis; (1) the hyvdrosols may activate the enzymes, 
(2) thev may counteract some antiautolytic substance in the mix- 
ture, or (3) they may have direct catalytic action in themselves 


' Aseoli, M., and Izar, G., Berl. klin. Woch., 1907, xliv, 96, 659. 
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facilitating the hydrolysis of liver proteins along with the enzymes. 
The authors evidently incline to the last hypothesis, and find in 
it a confirmation of the point of view suggested by Bredig? 8 
vears before. Bredig indicated the similarity in the action of 
colloidal sols and the enzymes which decompose hydrogen per- 
oxide. It Ted to the rather widely accepted hypothesis that the 
enzymes accomplish their catalytic effects by virtue of their 
colloidal character chiefly, and that therefore other typical diges- 
tive reactions besides the decomposition of hydrogen peroxide 
might be simulated by inorganic colloids. 

The experiments of Ascoli and Izar offer confirmation too, and 
explanation of the fact already announced by Galeotti and Todde* 
and Robin and Bardet,* that injections of metallic hvdrosols lead 
to inereased nitrogen elimination as a result of some deep seated 
increase of catabolism. The impression gained from the paper of 
Ascoli and Izar and their subsequent publications is that the 
colloidal sols, acting probably like hydrolytic enzvmesthemselves, 
accelerate the hydrolysis of proteins both tn vitro and in vivo. 
Such increased protein and purine breakdown results in increased 
total nitrogen elimination and in particular increased uric acid 
output. The facts developed by Ascoli and Izar in their studies 
correlate, therefore, very perfectly with the finding of increased 
eatabolism, produced by injecting colloidal sols. 

The number of inorganic hydrosols which increase autolysis 
was found to be very large. Indeed, not one of the series investi- 
gated by Ascoli and Izar failed to produce marked acceleration 
and increase of autolysis, varying from 50 to 500 per cent in 
some instances. Metallic sols were prepared usually by the Bredig 
method and included gold, silver, platinum, palladium. copper, 
ete. Colloidal hydroxides were used, as of iron, aluminum, man- 
ganese. Sulfides, as arsenic sulfide, AseS;, were very potent in 
increasing the digestion. The variety used is so wide, including 
positively and negatively charged colloids, that the conclusion 
seems inevitable that the effect is attributable in some way to 


? Bredig, G., Anorganische Fermente, Leipsic, 1899. 

3’ Caleotti, G., and Todde, Lo Sperementale, 1902, 341, quoted by Ascoli, 
M.. and Izar, G., Biochem. Z., 1907, v, 394. 

‘Robin and Bardet, Bull. Therap., 1904-05. quoted by Aseoli, M., and 
Izar, G., Biochem. Z., 1907, v, 394. 
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the colloidal state, the only factor in common to all the sols tried. 
The chemical composition of the particular colloid has little to 
do with the reaction. The authors do conclude, however, in a 
later paper,’ that the intensity of the effect is somewhat dependent 
upon the group to which the element belongs. 

Our own study of autolvsis, and much of the earlier work, has 
established the fact that acids are the usual accelerators of this 
reaction. Indeed so many of the examples of acceleration re- 
eorded in the literature have proved to be due to the acidity, 
rather than to other assigned reasons, that one ts inclined to 
assume that this is the only true cause of acceleration, aside from 
that resulting from the direct addition of digestible protein to an 
autolvzing tissue pulp. Thus the accelerations reported bv Preti® 
for lead, iron, and manganous salts are found to be due, not to 
the metalhe ion at all, but to the acidity produced when such 
salts hvdrolyze in water. The acceleration due to bromine and 
iodine, phosphorus under certain conditions, carbon dioxide, sali- 
evlic and boric acids, ete. are all associated with increased acidity 
(Morse,’ Yoshimoto,* Bradley,’ ete.). 

Not only are acidity and added protein the only firmly estab- 
lished conditions for increased autolysis of which we are aware, 
but from the logie of our own experiments we are forced to the 
eonclusion that these two mechanisms are identical, and that 
acids are effective agents in the reaction because they increase 
the mass of available protein substratum in the digest. They 
convert the great mass of normally undigested and indigestible 
proteins of the tissue into proteins which are attacked by the 
enzyme. The effect of adding acid is therefore exactly like that 
of adding acid albuminate or casein. or gelatin: it increases the 
mass of substratum and so causes increased amino-acid production 
per unit of time, and a larger absolute amount when equilibrium 
is attained. 

It was recognized eariy in our study of autolysis that the results 
of Ascoli and Izar were likely to constitute some sort of an inter- 


®* Ascoli, M., and Izar, G., Biochem. Z., 1909, xvii, 261. 
*Preti, L., Z. physiol. Chem., 1909, Ix, 317. 

7 Morse, M., J. Biol. Chem., 1915, xxii, 125. 

®* Yoshimoto, 8., Z. physiol. Chem., 1908-09, Ivili, 341. 
* Bradley, H. C., J. Biol. Chem., 1915, xxii, 113. 
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esting exception to this general behavior of autolyzing gland 
tissue. No patent explanation of this behavior of colloidal solu- 
tions was forthcoming which could relate it in anv way with the 
addition of acid. We have therefore purposely put off the rein- 
vestigation of this problem until we felt more familiar with the 
normal and usual mechanism of the reaction, and until we were 
in better possession of the fundamental factors that control it. 
Feeling sure of the ground already covered we have now proceeded 
to take up the study of the effect of colloids upon the reaction, 
with a view to determining whether they affect the enzyme, or 
the proteins, to produce the increased autolysis. To our complete 
surprise we have thus far failed to find any real case of undoubted 
acceleration of autolysis by the presence of an tnorganie colloid. In 
view of the many experiments performed by Ascoli and Izar, and 
the great. detail with which they are reported, we do not wish to 
offer further comment at this time, but merely present our data 
as obtained thus far. Some accelerations have appeared in our 
results. The more prolonged and complete the purification of the 
sol by dialysis, the more certain it is that the sol would be without 
effect. As a rule further dialysis of the colloid has reduced or 
removed this acceleration along with small amounts of acids or 
acid-reacting electrolytes. It is possible that such prolonged dial- 
ysis alters the physical character of the colloid and thus renders 
it inert, though of this we have no visible evidence. The more 
likely explanation appears to us to be the removal of traces of 
acids or electrolytes producing acid by hydrolysis. The following 
protocols will illustrate how completely at variance are our results 
with those published by Ascoli and Izar. 


EXPERIMENTAL. 


The digests were made with liver pulp exactly as in previous 
papers. ‘Titrations of amino-acids constitute our criterion of 
autolysis in all eases. In certain experiments we have used in 
addition the methods of heat coagulation as described by Ascoli 
and Izar. We believe the trichloroacetic acid method of pre- 
eipitating the proteins to be more reliable, however, than the 
methods of coagulation by heat. 
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Experiment 1. Effect of Colloidal Silver._-Two types of silver sols were 
used, one prepared by arcing under distilled water with silver electrodes, 
the other by reducing a silver nitrate solution with phosphorus dissolved 
in ether. The solutions were deep brown, filtered readily, and were stab- 
ilized with small amounts of dialyzed gelatin. All these solutions would 
decompose hydrogen peroxide. 

Stlver Sol I.-This was prepared by arcing between silver electrodes 
under distilled water until the solution was a deep brown. The solution 
was kept surrounded by cold water during the preparation, but the tem- 
perature was frequently as high as 80°C. After filtering the sol a few ce. 
of 1 per cent gelatin were added to stabilize the colloid. There was not 
enough available protein added to disturb the results by the digestion of 
the stabilizer. The results are given in Table I. 


TABLE I, 
Silver Sol I; Beef Liver. 


Days. 
Net gain 
2 
0.55 | 1.20 | 1.30} 1.30; 0.75 
0.55 1.30 | 1.30 | 1.35 | 0.80 
| 0.55 | 1.30 | 1.35 | 1.35 | 0.80 


Silver Sol II.—This was prepared in the same way, filtered, stabilized, 
and dialyzed (Table IT). 
TABLE If. 
Silver Sol IT; Beef Liver. 


Days 
Net gain. 
0 2 5 12 
1.10 | 1.50 | 1.€0 | 2.10 1.00 
+10 cc. Ag Sol II............| 1.10 | 1.40 | 1.75 | 2.30} 1.20 
....| 1.10 | 1.40 | 1.80 | 2.35 | 1.25 


Silver Sol ITI.—Dialyzed gelatin was added to distilled water to a 
strength of 0.03 per cent. The sol was prepared by the Bredig method 
with the gelatin present. The resulting sol was alkaline and showed 
ammonium compounds and silver salts in solution, from the deeomposi- 
tion of the gelatin. The preparation was dialyzed for many days till 
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neutral and free from salts of silver. This was a very strong sol, appear- 
ing black except in thin layers, when it showed the typical brown color. 
It decomposed hydrogen peroxide rapidly. The results are given in Table 
Ill. 
TABLE IIL. 
Silver Sol IIT; Beef Laver. 


Days 
+4 0.5 cc. Ag Sol ITI........; 0.40 | 1.00 | 1.05 | 1.10; 0.70 


Silver Sol 1V.—This was made up from a silver nitrate solution, by the 
addition of ether saturated with phosphorus. After the reduction was 
complete, films and particles of metallic silver were filtered off, the sol 
was stabilized with gelatin, and the mixture dialyzed till free from phos- 
phoric acid. It decomposed hydrogen peroxide less rapidly than No. ITT, 
and was evidently less concentrated (Table IV). 


TABLE IV. 


Silver Sol IV; Beef Laver. 


Days. 
Net gain | 
1 3 | 
0.50 0.90, 1.00 1.00 110 060 
“ 4 Ag 0.90: 1.00 1.00 1.10) 0.60 
4 Ag “ IV....! 0.50 | 0.00] 1.00; 1.10; 1.10; 0.60 
-10 “ Ag “ IV....; 0.50 | 0.90 | 1.00 | 1.00 | 1.10 |‘ 0.60 
495“ Ag “ IV....| 0.50 | 0.90 | 1.00} 1.00/ 1.10! 0.60 
0.50 | 1.70 | 2.40 | 2.65 | 3.20; 2.70 


With these four silver sols then, stabilized as were Ascoli and 
Izar’s, and earefully freed from impurities by prolonged dialysis 
in eollodion bags against distilled water, no results could be 
detected. They neither accelerated nor inhibited the course of 
autolysis. Yet silver sols were very effective in the hands of 
Ascoli and Izar and were used as standards with which to com- 
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pare other hydrosols. All the sols were thoroughly stable, and 
after several months showed mere traces of filterable precipitates 
or none at all, 


Kaperiment 2. Effect of Fe(OH);.--Having failed to confirm the results 
reported by Aseoli and Izar with colloidal silver, we took up another 
colloid, easy of preparation, stable, and readily purified. Fe(OH), may 
be obtained by pouring FeCl, of proper strength into distilled water. Such 
a preparation is always acid from the hydrolysis of the FeCl, By pro- 
longed dialysis it may, however, be obtained quite neutral. It is obtain- 
able also on the market. Merck’s ‘‘dialvzed iron,”’ a 5 per cent FeO, 
commercial hydrosol, was used in our experiments first. The preparation 
gave evident acceleration. It was also quite acid. When, however, it 
was thoroughly dialyzed for a week against many changes of distilled 
water, it no longer had anv effect on the reaction (Table V). 


TABLE V 
Colloidal Ferric Hydroxide; Beef Liver. 


Days 
_ Net gain. 
0 2 3 | 10 

| 0% | 1.05 1.05 | 1.30 SO 
+ 05 ec. 1.05 | 1.10 | 1.30 SO 
+ 2.5 Fe(OH)s. | 0.50 | 0.95 | 1.05} 1.10] 1.25 | 0.75 
+10.0 “ Fe(OH)s.. | 0.95 | 1.15 | 1.15 | 1.35 | 0.85 
+50.0 “ Fe(OH);.....; 0.50; 0.95 | 1.05 | 1 20/1.40; 0.90 

 +25.0 “ Fe(OH);(com-| | | 
mercial)..............| 0.50 | 1.65 | 2.00 | 2.40 | 2.70 | 2.20 


This experiment has been repeated a number of times with 
the same results in each case. As long as the hydrosol contains 
chlorides which can be found in the dialvsate after a few hours it 
will accelerate autolysis. When the chloride test becomes quite 
negative, the accelerating action ceases. In certain of the expert- 
ments in which this hvdrosol was used, Ascoli and Izar controlled 
its action by adding to a digest an amount of HCl equal to the 
aciditv of the tron sol. It is inexpheable that their figures show 
no acceleration of autolysis on this addition of HCl. Thev do 
not state how they determined what the acidity of the hydrosol 
was, so that we have no means of judging the accuracy of their 
estimate. It is interesting to note that the ferric hydroxide pres- 
ent in these digests does not inhibit the digestion in the least. 
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This shows clearly that the hydroxide is not considerably dis- 
solved by the organie acids present in the digests, for if it were it 
would tend to maintain the neutrality of the mixture and so pre- 
vent or inhibit autolvsis. Small amounts of soluble ferrie and 
ferrous salts are produced, so that in digests carried on for many 
days or weeks there is sufficient of the iron salts to make the end- 
points in titration difficult, and so cause the figures to appear 
somewhat higher than they should be. ‘Thus in the long contin- 
ued autolysis, the digests containing the hvdrosol do show slightly 
higher figures if titrated in the usual way. If, however, the iron 
is first separated by the addition of sodium acetate and boiling, 
the filtrate titrates exactly like the control, 


Erperiment 3. Effect of Arsenic Sulfide—-This sulfide was found by 
Aseoli and Izar to be one of the best accelerators of liver autolysis. HHy- 
drosols were prepared by dissolving arsenic oxide in boiling water. The 
solution was filtered, cooled, and hydrogen sulfide run in till the maximum 
color developed. This solution was then filtered and stabilized either with 
gelatinorwithstarch. Starch was found to be very effective as astabilizer, 
preventing the precipitation of the sulfide by acids and electrolytes unless 
of considerable concentration. The stabilizing action of either gelatin or 
starch would quickly be eliminated im a liver digest since the enzymes 
present convert both of these colloids to non-colloidal compounds. They 
are usetul only in preventing precipitation during the process of purifica- 
tion. The sols so prepared were dialyzed for several days, and a stream 
of air was also blown through them for S or 10 hours to remove the excess 
of hvdrogen sulfide. The removal of exeess hydrogen sulfide is very 
Important. A small amount of that gas is sufficiently acid to increase 
autolysis quite markedly (Table VI). 


rPABLE VI. 


Hydrogen Sulfide (ras; BY, ef Liver. 


Dave 
Net gain, 
~ 
er + H.S (10 see. bubbling)...........| 0.70 | 4.00 | 5.00 4.30 
$00 4.80 4.10 


“ 


We have found considerable accelerations when using sols of arsenic 
sulfide which had been dialyzed only a few days. The identical sols after 
more prolonged dialysis still showed some accelerating action. Arsenic 


‘ 
| 
4 
4 


H. C. Bradley and H. Felsher 561 


ulfide slowly hydrolyzes in water to arsenic trioxide and hydrogen sul- 
fide, so that the effeet of the colloid is to add hydrogen sulfide slowly to 
the mixture Table VID). 

TABLE VII. 


Arse nie Sulfide Nol: Beef Lave 


Net gat 
Control 060 280 220 
ec. As.S. so] () 3 15 
| | § 40 3 20 
2) ASe; “ 060 3.30 2 70 
OOo Ass; “ Ooo 500 4.40 


It may be that the accelerations obtained bv Ascoli and Izar 
were due to the small remaining acidity and to hydrolysis of the 
sulfide. It is interesting to note that this colloid does not have 
any apparent effect in decomposing hvdrogen peroxide, and is 
oxidized only very slowly. 


SUMMARY. 


Following the methods of Ascoli and Izar as closely as pos- 
sible we have tried the effect of several hvdrosols upon the autoly- 
sis of the liver. Where accelerations were demonstrated acidity 
eould also be detected, and in preparations highly purified by 
long dialvsis no aecelerating action could be found. 

The colloids used were silver sols, colloidal ferric hydroxide, 
and arsenic sulfide, all of them reported as very effective by Ascoli 
and Izar. We have thus far failed to confirm any of the findings 
reported by these authors. 
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EXPERIMENTS ON CARBOHYDRATE METABOLISM 
AND DIABETES. 


Ill. THE PERMEABILITY OF BLOOD CORPUSCLES TO SUGAR. 


By MARY B. WISHART. 
(From the Hospital of The Rockefeller Institute for Medical Research.) 


(Received for publication, August 9, 1920.) 


The subject of the permeability of the blood corpuscles to 
sugar was reviewed in 1913 by Allen! and in 1917 by Gradwohl 
and Blaivas.2 Analvses covering both plasma corpuscle 
sugar during glucose tolerance tests in human subjects were 
made by Bailev.. A large number of comparative analyses upon 
diabetic patients have already been published.‘ According to 
some statements in the literature, the corpuscles sometimes con- 
tain little or no sugar; according to others, their sugar content 
does not differ greatly from that of the plasma; and another 
behef has been that the corpuscles take up sugar more slowly and 
retain it longer, so that their sugar content is low in the early 
stages of hyperglycemia but above that of the plasma in the 
declining stages. The preponderance of experience is that the 
sugar content of the corpuscles is usually a little below that of 
the plasma. 

The present investigation was carried out as part of an inquiry 
into the permeability of body structures for sugar, with a special 
view to any changes occurring in diabetes. Several other physi- 
ological and pathological conditions were considered, also the 


t Allen, F. M., Studies concerning glycosuria and diabetes, Cambridge, 
1913, 6. 

? Gradwohl, R. B. H., and Blaivas, A. J., J. Lab. and Clin. Med., 1916-17, 
ii, 416. 

> Bailey, C. V., Arch. Int. Med., 1919, xxiii, 455. 

‘Allen, F. M., Stillman, E., and Fitz, R., Total dietary regulation in 
the treatment of diabetes, Monograph of The Rockefeller Institute for 
Medical Researeh, No. 11, New York, 1919. 
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possible differences between species and between permeability 


in vivo and in vitro. 


Numerous analyses of the corpuscle mass 


after thorough centrifugation were performed, but these were 
rejected in favor of calculations based on comparative analyses 
ood and plasma. The method of analysis was that of 


of whole bl 


Urine. 


Glucose. 


Volume. 


Dog B2-9s. 


ce. gm. 


0 


13) Slight. 


0.22 


14. Faint. 


16 Faint. 


13 QO WW 
39 0 63 


41 0 4S 


Lewis and 


TABLE I. 


Normal Dogs Receiving Glucose by Stomach. 


Plasma sugar. 


Corpuscle sugar. 


Plasma sugar 


Corpuscle sugar 


Blood sugar. 


Weight 4.83 kg. Given 


tube in 30 per cent si 


per per | per 

cent cent cent 
0.0620. 0790 O26 3.04 
0.159. 0.282 0 O17 13 64 
0.5450 3710 274 1.55 
4: 


0.116.0.1250 086 


Weight 36 kg. Given 
tube in 54 per 

0 OS9O 1110 0385 38.17 
0 1610 2220 0438 5.16 
0 1470 1590.124 1.28 
0 1560.1750.122 1.43 


0 1790. 2080.127 1.63 


| Hemoglobin. 


Q gm. 


15 gm. 


Corpuscle volume. | 


Remarks. 


glucose per kg. by stomach 


lution. 


Blood before feeding. 


hr. after 
li hrs. 


glucose per kg. by stomach 


cent solution. 


20 


on 


Blood before feeding. 
Temperature F, 

after feeding. Tem- 
perature LOL. F. 

lhr. after feeding. Tem- 
perature 1OL.O° I. 


2) hrs. after feeding. 


Temperature 100.6° F. 


3) after feeding. 


Temperature 100.5° F. 


Benedict. The reasons for the usual lack of strict 


agreement between the analyzed and caleulated corpuscle sugars 
and for giving preference to the latter are obvious. Attention 
may be directed also to the necessity of precautions for complete 
precipitation of protein when dealing with corpuscles or even 


> Lewis. R. 


C.. and Benedict, S. R., J. Biol. Chem., 1915, xs, 61. 


22?) 

| 70} 34 

G3 

5 

() re 

Si ot 

| 
| 
| 

3 
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whole blood. Traces of unprecipitated protein may have! an 
action upon either copper or picric solutions, and such small 
slips of technique are probably the commonest explanation of 
results which show the sugar concentration in the corpuscles as 
high as or higher than that in the plasma. Even with the great- 
est care in all particulars, any long series will show occasional 


TABLE II. 


Normal Dogs Receiving Glucose Parenterally. 


~ 
= = = = Remarks. 
= = n\= = 


Dog C307. Weight 14.3 kg. Given 4 gm. glucose per kg. subcutaneously 
in 30 per cent solution. 

per per per per per 

cent cent cent cent cer 


0 0.0960.1000 OS7 1.14 64 31° Blood before injection. 
164. 0 0.0940.0990.083 1.19 45 33 IS} hrs. after injection. 
Fed regular diet. 
1.21 5O 24. 26} hrs. after injection. 
1,279| O 0.1150.1770.109 | 1.07' 54; 42 “ 


ce. gm 


Dog C 3-36. Weight 17 kg. Given 6 gm. glucose per kg. intraperitone- 
ally and 4 gm. per kg. subcutaneously in 30 per cent solutign. 
Total duration of injections 25 min. 


0 0930 1150 065 1.82 114 43 Blood before injection. 


0 286 1.0000 160 6 25 148 5 min. aiter end of 
jection, 
OQ STS Q 143* 122 25 min. after end of in- 


jection. 
* Determined. 


discrepancies in the ratio of corpuscle sugar to plasma sugar 
which probably represent analytical errors. 

Tables I and II show the results at various intervals after 
enteral and parenteral doses of glucose in normal dogs. The 
corpuscle sugar is regularly below that of the plasma, both during 
the rise and during the decline of hyperglycemia; and sometimes, 
as In Dogs B2-98 © 3-22, the difference is extreme. 


4 


be 
tog 
3 ‘ 
. 
be 
| 
| 
| 
| 
| | 
| 
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Tables ILL to VI likewise illustrate the effeet of glucose by 
stomach or subcutaneously in dogs depancreatized short of 
There are minor differences between individual dogs 
but no pereeptible change of corpuscle permeability due to the 


dinbetes. 


After removal of only the splenic process of the pancreas. 


rine 
: 
= = 
- 


4 gm. glucose per kg. by stomach t 


gm 
Q 

260 () 
35 Q 


t gm. glueose per kg. subcutaneously in 50 per cent solution. 


65 


Plasma sugar 
Corpuscle sugar. 


Blood sugar 


| per per per 


| cent cent cent 

0 1330 1360. 127 
0 2000 2780 042 
0.0950 1050 073 
0 O88 093.0 076 


086.0 081.0 097. 


Slight. 0 1250 1350 113 


0 1020 143.0 056 


Plasma sugar 


TABLE IIL. 


Dog B2-60, 


Corpuscle sugar 


Hemoglobin 


1 a7 40 
6 61 52 
1 44 60 
22; 49 


0 
119 
2.55; 88 


Corpuscle volume 


pe r 
cent 


46) 


Blood before feeding. 


Weight 45 kg. 


Remarks 


2} hrs. after 


103 


23 


Blood before injection. 


6 hrs. after 


25 


600 cc OSS per cent NaCl solution subcutaneously. 


{) 
0 


operation. 


6 Allen, F. M.. and Wishart. M. B., J. Biol. Chem., 1920, xlii, 420, 439. 


0 1050 1050 105 
0.1170 1170 117 
0 1000. 1050 088 
0 0910 1100 058 


Control doses of plain saline also gave no change. 
This series included Dog B2-01, which was characterized by 
noticeably low renal threshold for sugar,” but the corpuscles 
appeared no more permeable than in other dogs. 


100, 71 
1 OO) 75 


119 60 


1.89) 77 | 


30 
30 
OF 


Blood before injection. 


hrs. after 


IIT 


ube in 30 per cent solution 


** 


4 ‘>*> = 
: 
= 
50 
2 
F 
Wo 
4 
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IV. 
Dog B2-61, 


After removal of } of the pancreas. Weight 6 kg. 


= - = = ~ 
- — 4 4 ane * 
3 gm. glucose per kg. in 30 per cent solution by stomach tube. 
, per per per per per 
an 
aa vor cent cent cent cent cent 


0.1220. 14830.090 159 S7 10. Blood before feeding. 
50 0382 0.1050.1120 1038 1.09 79 ti) 3 hrs. after = 
50 0 010001110080 139 SO 36 ‘“ 
10 O 0 0950 O110 O57 TSO Ol 


3 gm. glucose per kg. in 30 per cent solution subcutaneously. 


0 0.1050.1060 104 1 02 110 19 Blood before injection. 


7 Shght. 1180.1470 079 1 120 hrs. after 
21 Faint. O 1110 1110 111 100 95 

50 ec. OSS per cent NaCl solution subcutaneously. 

O 120 1280110 1.16 68 Blood before injection. 
20 TISO OSL 145 77 36 hrs. after 


4 gm. glucose per kg. in 30 per cent solution subcutaneously. 


0 0 1050 1330.053 2.51 65 35 Blood before injection. 

56) OFaint. 0 1000 1090 080 1.36 1S hrs. after 
Fed regular diet. 

35 O 1610 1670 147 1.138 65 30) 26 hrs. after injection. 

75 0 0.11410.1170.109 1.07; 7) 39 42 “ 


Fa 
4 
| 
4 
+ 
a 4 


TABLE V. 
Dog B2-00. 
Weight 14 kg. Depancreatized not quite to point of diabetes. 
3am. glucose per kg. in 30 per cent solution by stomach tube. 


percent per cent per cent per cent per cent per cent 

| 0.122) 0.122; 0.122; 1.00 | o2 36 Blood before teeding. 
O | 0.161) 0.238; 0.115) 2.07 | 58 | 34 hr. after 
0) 0.100 0.110 0.080 1.37 65 | 34 
0 0.096 0.094 0.100 0.94 61 * 
0 0.091 0.091 0.091 1.00) 5S * 
0 0.078: 0.110 0.028 3.938, 
() 105 O.111 O 094 LIS SS 27 
O | 0.113) 0.118 0.102} 1.15 | 60 | 32 |203 “« « 
102 0.108 0.089 1 21 32 


3 gm. glucose per kg. in 30 per cent solution subcutaneously. 


L'rine. = 
a 
¥ 
pe p p per per 
me cen? cent cent cent 
0 065.0 065 0 065. 100 40 Blood betore Injection, 


Slight. 0.1340.1680.103 1.58 105 49 2% hrs. after 
0.69 1.341120, 8 “ 
082 0 0980 1090086 1.26 100 49° 11 
] 


Faint. 1000 1180 075 97 | 23} 

140 ce. OSS per cent NaCl solution subcutaneously. 

per cent per cent’ per cent per cent per cent per cent 
0 0.114 0.116 0.110 1.05 59 Before injection. 
aint. 0.105 0.114 0.085 1.34 5S 32 1 hr. after injection. 
0 0.100 0.130 0.036 3.61 67 32 3) hrs. 
| 0.128] 0.130) 0.122;}1.06 | 40 | 27 | 6“ « 


O | 0.112] 0.118} 0.097;1.21; 58 | 29 |10 “ « 
0 0.100 0.102 0.095 1 


i 
4 
if 
4 


Weight 


rine sugar. 


Blood sugar 


t kg. 


Plasm 
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Plasma sugar 


(‘orpuscle sugar. 


4 gm. glucose per kg. in 


nt per cent 


O90 
0.179 
0 100 
105 


0 099 
0 166 
1) 102 
217 


~~ 


lirine sugar 


Verv faint. 


0 116 
0.192 
0 106 
131 
132 


gm. glucose per kg. 


0.172 
244 


0 266 


1) 2S4 
24 


1) 230 
1) 
0 165 
146 


Weight 10.5 ke. 


| Blood sugar. 


1540 2440 019 
1960 2700 OSO 
0 90 1590 155 
0950 1120 0682 
0940 1120 O67 


| Plasma sugar. 


per cent per cent 


OOS 
164 
0 O92 
0 O79 
0 O29 


0.054 5 
0 096 2 
O.115 2 
0.160 1 
OSO 4 
0.121; 
0 | 
151 1 
3 


i ¢ ‘orpuscle sugur. 


FABLE VI 


Dog B2-01. 


Depancreatized not quite 


Corpuscle sugar 


30 per cent solution by stomach tube. 


Hemoglobin 


Cor le volume 


per cent per cen 
70 109 
17 114 47 
15 LOO 45 
HO 1O4 50 
2 


Dog B2-02. 


Plasma sugar 
Corpuscle sugar 


12. S4 


37 
1.12 
1 SO 
1 67 


OW 105 
124 
107 
OD 106 
LOS 
100 
OS O7 
100) 
PABLE VII 


Hemoglobin. 


ot 
ol 
59 
45 
14 


gin. glucose per kg. in 30 per cent solution by 


| Corpuscle volume. 


to point of diabetes. 


Blood 
hr. 
hrs. 


24 


liemarks 


** 


before feeding. 
after 


in 30 per cent solution subcutaneously. 


Blood before injection. 
hr. after 


2 hrs. 
— 
% 

9, 

2 

14 


Verv mild diabetes. 


temarks. 


stomach tube. 


Blood before feeding. 
1 hr. after 


4 hrs. 


we 


569 
| 
] 
per | pe? per per 
() 
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The same conclusions hold for the mildly diabetie (Tables VII 
and VIII) and the severely diabetic (Tables IX: and X) dogs. 
The last mentioned animal was found in the preceding paper to 
have a verv high renal threshold, but no comparable change in 
the permeability of the corpuscles for sugar was demonstrable. 


TABLE VIII. 


Mildly Diabetic Dogs on Starch Feeding. 


= 
= “|= > = 
Dog B2+443. Weight 10 kg. July 19, 1915. 
ont per per per per pe 
cent cent cent cent cent 
0 0.1330.1038 1.29 70 43.5 Blood before feeding 100 gm. 


bread. 
Faint. 0.1370.1780.087 2.04 9% 45.0 2 hrs. after feeding. 
0.53 0.1890.2220.133 1.66 


July 25. 


i 0 0.1160.1250.100 1.25 96 37.3 Blood before feeding 100 gm. 
bread, 
09S 0.1720.2170 095 2.28, 93. 37.0 3 hrs. after feeding. 
Dog B2-71. Weight 14 kg. 

0 0.1250. 112 1.11, 90 | 27.2 Before feeding 200 gm. rice. 
0.29 0.213.0.2860.100, 2.86 2 hrs. after feeding. 

1.47 0.244.0.286 0.157 1.82 | 32.5,5 “ 

Table X gives the results of direct analyses of the corpuscles in 
: comparision with the plasma after fat feeding in a severely dia- 
: hetic animal. Though marked lipemia occurred, there was no 
appreciable alteration in the distribution of sugar between plasma 
4 and corpuscles. 


{ a. 

j 
| 
i 
te 
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PABLE IX, 
Dog B2-79. 
Weight 14.7 kg. Severe diabetes. 5 gin. glucose per kg. in SO per cent | 
solution by stomach tube. 
}? per per 
0 0.1050 1050.105 1.000 10s ly Blood before injection, 
6 Shght. 0.1520.1820.117 1.55 100 It} after 
1353 0 2040 2610 128 2.08 
1] 900° 0.2220. 2940.134 2.19 15 2 brs. “ 
11 | 5.90 0.1820.2940.078 3.77114! 3 « “ 
17 990 0 2090 2340 186 1 25 
14 OO 2080 2580 180 1 32 114 
10 - 0.2280 3320 143 2 32) 116 55 “ 
0 2220 3330 106 3.14 115 ‘ ‘ 
1? O 2000 2600 149 1 74 TOS 
Faint. 0 1650 19101835 1 43 
2) O1M50 1680 117 148 212 > 
70 {) O S80 119 116 if | 23) ™ 
70 088 a9 | 263 “ 
250) () O 1190 1220 100 107 
 @.1330.1430.119 1.20 107 | 39/353 « « 
25 () O 1000 120 078 1423 af | 45; “ 
10) () COS 0055 1 S84 “ 


| 
i 
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The totally depancreatized dog in Table XI had a noticeably 
high permeability of the corpuscles for sugar, both after the 
operation alone and after administration of 5 gm. of glucose per 
kilo by stomach. The ratios, nevertheless, varied with the 
usual unexplained irregularity, and there is no proof of any spe- 
cific alteration due to pancreatectomy. 


TABLE X. 


Dog B2-79. 


Severe diabetes. Fat feeding. 


| 
| &le 
= 
x | | 
[916 per cent per cent per cent 


to 
to 


Oct. 7 Faint. 0.182) 0.075) : — Blood before feeding 300 gm. lard. 
0 0.186 0.109 1.70 4} hrs. after “ 


0 O.118 0.076 1.55 Blood before 240 gm. suet. 
0 0 132; 0.081 1.63 4 hrs. after 


1] 0 0 136 0.081 1 68 Blood before 360 gm. suet. 
0 0.166! 0.112! 1.48 | 43 hrs. after “ 


14 () 0.137 0.125 1.09 Blood before * 500 gm. suet. 
0 0.128! 0.083' 1.54 | 4 hrs. after e 

16 0.137 0.085 1.61 Blood before“ 100 gm. suet, 
0 0.154 0085 5} hrs. after 

25 0 0.143 0.083 1.72. Blood before ms 230 gm. suet. 


0) 0.143 0.083 1 72 | 3 hrs. after 


Tables XII to XVIII show the effeet of exercise in a series of 
dogs ranging from non-diabetic to severely diabetic. The nega- 
tive effect upon the permeability of the corpuscles to sugar is in 
harmony with the results of experiments upon human diahettes.’ 


7 Allen, Stillman, and Fitz,‘ Chapter V. 


' 

{ ‘4 | 

4 

4 

f 

Ba 

5 

13 

on 

» 


15 65 


ce. | | | per cent | 
0 0.1000.1000 100 1 
0.1410 2360 015 (2) 15 
30 0.160.2000.2700 103 | 2 
65 | 1.050 .2500 2700 220 | 1 
70 | 2.180 23880 .2820.184 1 
120 | 4 300 2630.3650 1388 
57 | 2.590 2000 2270159 | 1 
60 | 2.000 2440 3140 129 | 2. 
110 | 4.790 2700 2700 270 I 
113 | 3.94.0 2270 2560 175 
150) 180 3120 4080 125 3 
100 5 000 334.0 5000 068 7 
110 5 86.0 3340 4000 206 
5 000 3550 4000 268 
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TABLE NI. 


Dog 3-01. 


Weight 15 kg. Total pancreatectomy. 


5 gm. glucose per kg. in 


No urine. 


9 4 
ye 
15s O 
50 | 2 
65 


27 0 244.0 358 0 
050 5850 4000 


710 384.0. 5000 


78 0.728 0.8000 
160 6660 9100 


1 1.3500 
SOOT 1400. 140 


iC 


orpuscle sugar 


Hemoglobin. 


Corpuscle volume 


50 per cent solution by 


O50 
160) 
307 
SSO 


operation, 
710 
109 95 
3.12 
1.25; 95 
2.47, & 
1.48 88 
S14 


Remarks 
Blood before pancrea- 
tectomy. 


During ether anesthesia. 
3} hrs. after operation. 


iS 
23 
26} 

293 
38) 


stomach tube 


sé 


— 


hrs 


. after 


Blood before feeding. 
hr. after 


| 

75! 34 

73, 92, 43 

2) 105 
531 101; 73 « “ 
41 95| 45/133 « “ 
2! 87' 0/16 “ 
6 82, 34 
St) +4 = 

1? 
24 1? id 


an 


¢ 


574 Carbohydrate Metabolism and Diabetes. III 


The dog in Table XVIIL had not only severe diabetes and a 
high renal threshold, but also marked acidosis. It is thus notice- 
able that acidosis had no demonstrable influence upon the sugar 


concentration in the corpuscles. 


TABLE NXII. 
Dog B2-00. 


Depancreatized just short of diabetes. Exercise. July 28, 1915. Fasting. 


~ 

— 
= 
~ 
— 
~ ~ 
— 


per cent per cent per cent 
0.097 0.105 0.079 
0.097 O.115 O 057 
0.094. 0.102 0.079 


Remarks. 


Plasma sugar 
puscle volume 


Corpuscle sugar 
Hemoglobin. 


per cent per ¢ 


SO 31.0 Blood before exercise. 


~ 


SO 31.2 After l hr. of exercise. 


70 35 0 4 hrs. “ 


Oct. 5. Exereise with 3 gm. glucose per kg. by stomach tube. 


P 
~ 
— 
= 
- 
bes 
wow 
on 
per c per er Per Celi 


() 12S 0. 


182 OOS] 


- 
os 
< 
~ 
— ~ rks 
| ome = Remarks. 
+ 
pa 
— 
ome 
~ 
-" 


per ce nf per rif 
| 52 110) «48.0. Blood before feeding and exer- 
cise, 
2.24 OO 645.0 After > hr. of exercise and 40 
min. after feeding. 


0 0.134 0.100 1.34 9} 38.0 After 1 hr. of exereise and 70 


0 0 200 0.109 


min. after feeding. 
1.83 SS 40.5 | After 1 hr. of rest and 2 hrs. 
after feeding. 


In Tables XIX to XNI, cold had no perceptible influence 
upon the sugar content of the corpuseles in non-diabetic, mildly 


diabetic, and severely diabetic animals. 
Table XXII shows the effect of intravenous glucose injections 
in a small adult horse. Table NNIIL illustrates stareh feeding 


R 
| 
> 
| 
; 
3," 
i 
> 
A 
22% 


Blood sugar. 


per cent per cent per cent 

O 102 


0 O90 
114 
0.119 


0.102 
O95 
0.105 


Urine sugar. 


Plasma sugar. 


per cent 


() 


0.110 
0.100 0.086 SI 
0.185 2 


Slight. 


Doubtful. 
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TABLE NII. 
Dog B2-01. 


Depancreatized just short of diabetes. 


temarks. 


Plasma sugar 
Corpuscle sugar 
Corpusele volume. 


Corpuscle sugar. 
Hemoglobin. 


Fasting. July 2S, 1915. 
per cent per cent 
QO O71 1.46 74 
O5S 7S 2 
0) O07 ot 


Blood before exercise. 
After 1 hr. 
4hre. “ 


Fasting. July 29. 


OND Blood before exeret.se. 
36.0 After 2 hrs. 


93 | 73 35.9 ‘6 resting 4 hrs. 


29 SO 


O46 


t gm. glucose per kg. by stomach tube. Oct. 7. 


of exercise. 


of exercise. 


be ond 
= — 
=) Sis an “ 
bi = = 
pe r r jie r pie 
cent cent cent cent cent 


Blood 
exercise, 

After 5 min. ot 

« 


hr. 


0 O78 0.1050 046 2.28) 115 


1140 1400 
1500 1680 091 
1000.1250 073 1-71 
1250.1470 OM 


before fe 


eding and 


exercise, 


0) 
| 
| 
120 
19 | 


TABLE NXIV. 
Dog B2-02. 
Very mild diabetes. July 18, 1915. 3 gm. glucose per kg. in 30 per cent 
solution subcutaneously. 


i 


per per per | per per per 
cent cent cent rent | cent ent 


3 Blood after 1 hr. of exercise and 
before injection. 

5.5 After 2 hrs. of exercise. 
wins = 4 

“ § * * 

Fed 


— 
bo 


0.53 0.1020 1480 0458: 2 


5.00 2020 2420. 154 
1.11 0.1090 1190.095 
1.00 0.095 0 097 0 092 
0 50 0.138.0.1670 076 


= 


as 
wt 


o 


to 


bread and soup. 
1000640. 0 After resting all night. 
100 | 41.0, “ l hr. of heavy exercise. 


© 1079 1080 105 
0 09.0960.1000 090 


TABLE AY. 
Dog B2-43. 
Mild diabetes. June 29, 1915. Fed 100 gm. bread. 


pe pey per p per 
ni ce ni ren? ere 
b oO Oo 1180 1250 109 1.14 1038 48.0 Blood before feeding and exer- 
cise. 
0 0 1060.1180.090 1.31 S38. 48 After hr. of hard exercise. 
0 0.1850.2280.120' 1.90 9;|4.0 ”™ hrs. of rest. 
©0910 0910.091 100 98 405 exercise. 
July 26 and 27. Fed 50 gm. solid glucose. 
Plasma sugar 


Corpuscle sugar 
Remarks 


Without 


135 tefore feeding 50 gm. glucose. 
16 2.6 1 hrs. after feeding. 

| 4 1 4 3} 


bs 
I 
| 
| 
Fa 
| 


Mild diabetes. Bread feeding: Nov. IS, 1915, at rest: Nov. 19, with exereise. 


PABLE NVI. 


Dog B2-63. 


| & 
= 
Urine sugar. 
sugar. sugar. < 3 
| 
ai 
- 


per | per per | per | per per 
cent | cent cent | cent cent cent 


0. 


0) 


0.2 
0. 


2720 1480 1480.135 O 190 1.07 


1OS0 0590 O78 O 1.88 1.39) Before feeding. Exercise 


| | started. 
1270 095.0 O87 OST 1.46 1.09 3 hr. after feeding. 
2540.1170 1210 O () 2.09; 1.52 
cise stopped. 


2500 138 0.1150.073 0.37 O 2? 17, 1.89 3 hrs. after feeding. 


TABLE 
Dog B2-79. 


Severe diabetes. Comparison of days of exercise and rest, fasting. 


- 
~ } he ~ > 
-~ 
-_ —_ 
i 
per | per | per | per per per 


cent | cent | cent | cent cent 
0 0.1100.1330.082 162 100 462 Before exercise July 17, 1915. 
0 0.0970.1000 094 1.06 120 490 After 1 hr. of hard exercise. 
0 6 1020.1090.093 1.17 105 45.3 Before exercise July 23. 
0 0 0930.1050.080 1.31 125 495 After 3! hrs. of exercise. 
0.1150.1690 061 2 77 110) 50.0 Before exercise Sept. 25. 
0 1280.1430.114 1.25 110 52.0 After 1 hr. of exercise. 


Feeding of 500 gm. beef lung; Nov. 8, at rest; Nov. 12, with exercise. 


Plasma sugar 


Corpuscle sugar Hamarks 
Nov. &. Nov. 12. 
oe 6 Before feeding and exercise. 


1 
1 1 
1.4 | 1.1 hrs. 


5 After 1 hr. of exercise. 


] ae kixer- 


| 
| 


TABLE XVIIL. 
Dog B2-80. 


Severe diabetes and acidosis. Exercise, fasting. 


| 
- 
of 
4. 
~ ~ s j 
ome — ~ 
per per jie r 
pew? 
per ceél 
cent Cent cere cent 


QO Blood before exercise July 25, 1915, 
5 After 2) hrs. of hard exercise. 


to 
— 


Faint. 0.263 0.112 
(0.2700. 2 
0 0 POSO 124 L6S TIS 50.5 Blood before exercise July 26. 
0 0 POSO0.129 1.61 125 353.6 After 1 hr. of hard exercise. 


to 
wt 


Aug. S, 


065 0 29410.155 1.39 102 355.0 Before exercise. 
055 02910 127. 2 31 10L 356.0 After 10 min. of exercise. 


1 67 10.3220 .204 1.58 94:61.0 “™ resting 1} hrs. 
1.23 0.3330.140 2.38; 105 64.5 “ of exercise. 
1.09 0.3030.187' 1.62; 101 53.4 “ hrs. resting. 


TABLE AIX. 
Dog PAH), 


Depancreatized just short of diabetes. 


| = = 
Aug. 6, 1916. Cold, fasting. 

per jie? per }? 
Oo Oo 1100 106 1 Of SO 32.9 Blood before going in ice box. 
0 © 0850 063 1.35 S82 35 7 After 2. hrs. in ice box. 
0 0.0980. 092: 1.06 FS 33.5 19 Fed 12 hrs. 

0.1070.089, 1.20' 74 34.7 After 24 hrs. in ice box. 
0.1250. 046, 2.42; - at room temperature. 
= Sept. 20, 1915. Cold and 3 gm. glucose per kg. by stomach tube. 
. Q Of0 071 2.07 107 12) Befere feeding and going into ice box. 
QO 2710 109 2 48) 104 it} lhr. after feeding. 


0.1000 .071' 1.41 110) 44: 4“ 


| 
OO80 O84 1.17 100 “ 
O O].00 1 


ta 
— 
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and administration of glucose subcutaneously and by stomach 
ina goat. Tables XXIV and XXV show similar experiments in 
two sheep. The distribution of sugar between plasma and cor- 
puscles in these species is seen to be not greatly different from 
that in the dog. 

TABLE XX. 

Dog B2-02. 


Very mild diabetes. Cold and 3 gm. glucose per kg. by stomach tube. 


~ 
new Cont per per per per 
nf cont cent cent 


0 0.1180.095 1.24 110 56.0 Before feeding and going in ice 
| box, 

98 104 54.0 Lhr. after feeding. 

66; 160 | 564.0; Zhrs. “ 


10.1 47 O 23 * 


Slight +. 0.2280.115 
() 0 1150 073. 

0 0 1000 065 

0 1200.100 


TABLE NNI 
Dog B2-79, 


Severe diabetes. Feeding of 1 kg. beef lung, Nov. 23, 1915. in warm 


room, Nov. 30 in refrigerator. 


Plasma sugar 
Plasma sugar. Corpuscle sugar. 
Corpuscle sugar 

Remarks, 


Nov. Nov. | Nov. Nov. Nov. | Nov. 
23. | 30. 30. 


per cent per cent si cent per ‘dies 

0.183 0.250 0 200 1.25 Before feeding. 

0.159 0.525 0.108 0.256 1.47 2.05 4 hrs. after feeding. 
1 


0.189 | 0.435 0.159 0.250 1.19 


In the various preceding experiments, glucose and other foods 
were fed, and glucose also injected subcutaneously and intra- 
venously, and no special differences of corpuscle permeability 
were found with the different modes of administration. Table 
XXVI shows the distribution of sugar between the plasma and 


3 
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corpuscles of sheep blood rn vitro under 3 conditions: (a) Glucose 
was added to the oxalated blood in vitro, for observing its passage 
into the corpuscles; (b) the corpuscles were washed with 0.85 per 
cent NaCl solution and then suspended in this solution with addi- 
tion of glucose, in order to test the influence of the saline upon the 


TABLE XNII. 
Normal Pony. 


Weight 350 kg. 


Urine. 


Remarks. 


(ilucose, 

Blood sugar. 
Plasma sugar. 

Corpuscle sugar. 
Plasma sugar 

Corpuscle volume 


Volume. 
Corpuscle sugar 


Injection of 2 gm. glucose per kg. in 50 per cent solution intravenously. 
Nov. 11, 1917. 


jier joer jie pe 
cent cent 


0 0.0860 091 0.084 10S 


76 Blood before injection. 
0. 4.10 4 


5 5 min. after 
5 . 


0.4460 .6750.258| 2.61; 55,15 
432 5.400.391 0.5680 287 1.98 638 hr. 
-6.450.2040.2860.176 1.62) 75 1} hrs. 
0900 O77 1.17 


0 O72 0 0770 070 1.10 
Same dose. Nov. 20. 


01150.1250.112 1.09 7S Blood before injection. 
0.715.1.1100.473) 2.35' 62:15 min. after “ 


1.240 5 050.5000 6250.446 1.70 70 thr. “ 
9725 1.62; 1hhrs. “ 
0.1150.1190.114| 1.04, 79| 28 “ 


H40 2.150 0610.0560.066 0.08 SO 4) * 


permeability; (¢) the oxalated blood was diluted with the salt 
solution, so as to lower the concentration of sugar in the plasma 
and observe the passage of sugar out of the corpuscles. With 
reference to (b), the experiment of October 21 indicates that the 
salt solution altered the corpuscles in such a way as to cause them 


4 
| 
| 
| 
4 | 
| 
is 
"2 


10.20 som, 
5.00 p.m. 
11.00 acm. 
1.50 p.m 
2.40 p.m. 
3.40 
SOW) 
11.50 acm. 
12.50 p.m. 
1.45 
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Whole blood sugar. 
Plasma sugar. 


 Corpuscle sugar. 


per 
cent! 


1) OSS 0 074.0 O40 
O58 0 O14 


pre r 
cent 


per 
rent 


0 0470 0 O12, 


0 0690 .0920.028 


0 062 0.078 0.029 
0.056 0.069 0.033 


062.0. 098.0 024 


079.0 098 0.046 
056 0.085 0.009. 
063.0 OSS 0.016. 
(49.0 0560 039 


055 0 O66 0 O54 


097 0.137 0.069 
145.0 1610.126 
1190 1520071 


130.0. 133 0.126 
OS90 1490 O41 


TABLE XXIII, 


Goat 1. 


Normal. 


Plasma sugar 


— 


‘ 


_Corpuscle sugar 


69 32.5 
36.0 


Remarks 


Corpuscle volume. 


Apr. 10, 1917. 


pe r 


cent 


S5 pan of oats. 
00 37.5 6 hrs. after feeding. 


Apr. Il. 


12.30 p.m. Criven subcutane- 
ously 10 gm. glicose in 10 per 
eent solution. 

1 hr. 

3 hrs. 


66 37 7 


28 35.8 after injeetion. 


Apr. 18. 


OS 49.1 Giuven by stomach tube 100 gm. 
glucose in 30 per cent solu- 
tion. 


13 36.9 

44° 34.5 

50 35.0 

44 41.2 

Apr. 23 

Of Given by stomach tube 500 gm. 
glucose in 10 per cent solu- 
tion. 

9S 

28 46.5 

13 41.0 Urine 98 cc. Sugar = 2.71 per 

| cent. 
05, 42.3 
63: 55.5 Urine 22 ec. Sugar = 6.05 per 


cent. 


{ 
| 
2 
2 
| 
() 
{) 
5 
| 
() 
() 


Blood sugar. 


per ce nt 
0.007 
0 05S 


Q O71 


O O54 


O54 


0.161. 
0.053 


~j 
= 


0.076 


0.131 


pe r cent per aS vif 
0.072 0.068 
064 0 O54 
0.096 0.050 
0 179 0 083 
0 154 0 098 
0 069 0.065 
0 066 0 O41 
QO O55 O.053 
O71 O O60 
0.069 0.060: 
O80 0.072 
0.078 0 O34 
0 250 0.099 
0 072 0 O16 
O79 0 O46. 
0.102 0.055. 
) O76 0.049, 
0.076 0.076. 
| 
0.204 0.081 


Plasma sugar 
Corpuscle sugar 


.92 


2 16 


1 66 


1 O06 
1 ol 
1 O4 


Re 


0 072 O OSS 0.055 1.60 


1.00 


TABLE XAIV. 
Sheep 1. 
Normal. 


Remarks. 


Corpuscle volume. 


Sept. 18, 1917. 

per cent 
60 Blood before feeding oats and hay. 
oo 6 hrs. after feeding. 


Sept. 20. 


5d Blood before injecting 350 ec. 5 per 
cent glucose solution subcutane- 
ously. 

48 3 hrs. after injection. 


Sept. 21. 


Oot Blood before feeding 20 gm. glueccse. 
1 5 hrs. after feeding. 


Sept. 24. 


DD Blood before feeding 50 gm. glucose. 
46 4 hrs. after feeding. 


Oct. 21. 


46 Blood before injecting 20 gm. glucose 
subcutaneously. 
59 hrs. after injection. 
26. 


Blood before injecting 20 gm. glucose 
subcutaneously. 

3 hrs. after injection. 

5} 


Oct. 29. 


Blood before injecting 50 gm. glucose 
subcutaneously. 
3) hrs. after injection. 


| 
1 IS 
| 
| 
| 
| 
0 133 | 
125 | 
— 
O77 
0 OG7 1 44 
2? 52 
4 } 
OOF] 
1.85 
{) O59 l 5D | 
& 
| | 
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to contain less sugar. The result on November 14 was similar 
but less marked. The results under (¢@) and (c) showed the 
usual variability but on the whole resembled those 7n vive, the 
corpuscle sugar concentration always running more or less below 


that of the plasma. 


‘ABLE AAV. 


— 


Sheep 2. 


Normal. 
= 
= = 20> = Remarks. 
CN 
Sept . 1917 
per per per | per 
cent cent rent cent 


11.00 a.m. 0. 0540.0620.045 1.44 48.3) Fed 50 gm. glucose. 

12.00 mn. 0 057 0.0690.039 1.74 40.5 Lhr. after feeding. 
2.00 p.m. O 0580 0740 087 2.00 45.405 
0 05S 0 0560.060 0.93 49.5 5 * 


Oct. 22. 


11.30 acm. 0 .051.0.1000. 037 2.70 Fed 20 gm. glucose. 
1.30 p.m. 0.0700 0850.054 1.57 48.0 5 hrs. after feeding. 


Oct. 23. 


11.00 a.m. 0790 1120 031 3.61 41.1) Fed 100 gm. glucose. 
3.00 p.m. 0.0760.1120.017 6 58 37.8 4 hrs. after feeding. 
5.00 “ i0.06210.0740.050, 1.48 38.36 “ 


Dec. 2S. 


9.00 a.m. 0.0850.0930.081 1.15 67.4 9.15 a.m. Given subcutane- 
: ously 43 gm. glucose in 12.5 

| | | | | per cent solution. 
10.15 “ 0.1470.3320.050 6.66 65.7 1 hr. after injection. 


11.15 “ 0.3030.4350.215 2.02 60.0 2hrs. “ a 
12.15 p.m. 0.2860.4160.222 1.87 6723 


215 “ 0.2180.3700.094 4.15 55: 


4 

4 

4 

4 

4 
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No attempt was made to determine the time required for pas- 
sage of sug 
essentially the same ratios of distribution were found when the 


Time. 


10 45 a.m. 


10.30 a.m. 
oU p.m. 


to 


3.0) 


ar into or out of the corpuscles in vivo or tn vitro, but 


TABLE XXVI. 


Permeability of Sheep Corpuscles in Vitro. 


Corpuscle © 
sugar. ia 
D §| = 
= | = Remarks. 
= < wi 
Sept. 18, 1918. 
per per per per per 
cent cent cent cent cent 
0 067 0.072 0.0650 064 1.1 60 To the remaining blood a 
SSOO SSOO SSOO SSO 10 35 pinch of glucose was 


added and allowed to 
stand at room tempera- 
ture 1 hr. 


Oct. 21. 


0.067 0 O7S 0 O4L 0 054 1.9 1 To the remaining blood 

1.1401. 5100 6670 325 2.3 44. O.1 gm. glucose was 
added and blood al- 
lowed to stand at room 
temperature 2 hrs. 


O10 1 5SIOO 2860 5 2 43 Corpuscles of the 10.30 
a.m. blood centrifuged, 
washed with salt solu- 
tion, then made to 10 
ec. with salt solution; 
O.l gm. glucose added 
and allowed to stand at 
room temperature 2 hrs. 


2500 OSE 0 09S) 0 59 Blood taken 4) hrs. after 

OS2 0 13820 0620 056 2 1 subcutaneous injection 
of 50 gm. glucose. Re- 
maining blood diluted 
1 with salt solution and 
allowed to stend 1 hr. 


| 
| 

4 

it 
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TABLE XXVI—Concluded. 

Corpuscle 

2 | 16/8) | 

Nov. 14. 

per per per per | per 
cent cent cent cent cent 


30 a.m. 0.065 0.1320.0650.056 2.0 53 To the remaining blood 
30 p.m. 2.00 2.78 1.35 1.41 2.1 57) O.1 gm. glucose added 
| | and allowed to stand 2 
hrs. at room tempera- 

ture. 


ile, 2.00 2.78 0.8351.05 3.3 34 | Corpuscles of 11.30 a.m. 

| | | | centrifuged and washed 
with salt solution, made 
to 10 ec. with salt so- 
lution, and 0.1 gm. glu- 
cose added. 


0 1690 2170 0620.122 3.5 51 hrs. after subcutane- 


ous injection of 50 gm, 


| glucose. 


te 


.* 0.077 0.1490.055 7 31° Remaining blood diluted 
} with salt solution and 


allowed to stand } hr. 


400 * 0 1140.1180.0560.106 2.1 34 Blood diluted } with salt 
solution after standing 


hr. 


intervals between analvses were 5 to 30 minutes, as in Tables 
IX, XI, and XXII. or several hours as in other tables. The 
observations suggest that the distribution of sugar between 
plasma and corpuscles is governed not by permeability In any 
proper sense but by a coefficient of solubility between the two 
media. 


| 
4 
4 
|| 
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CONCLUSIONS. 


|. No specific alteration of the distribution of sugar between 
the blood plasma and corpuscles was found in experiments with 
different quantities and modes of administration of glucose, 
different degrees of pancreatectomy and diabetes, lipemia, aci- 
dosis, exercise, cold, or different levels of the renal threshold. 

2. The concentration of sugar in the corpuscles is normally : 
little below that in the plasma. The discrepaney in favor of 
the plasma generally becomes greater as the blood sugar rises. 
These relations hold good in the several animal species exam- 
ined, and in experiments tr vivo and in vitro. The statement 
that in the declining stage of hyperglycemia the corpuscles retain 
sugar longer than the plasma was not confirmed. The concen- 
tration in the corpuscles rarely equals that in the plasma, and the 
finding of an excess in the corpuscles is probably to be interpreted 
as an analytical error. 

5. The term permeability as commonly used in relation to the 
sugar content of the corpuscles carries the idea that this is gov- 
erned by a partially permeable membrane surrounding the cor- 
pusele, and further that the solubility of glucose in the corpuscle 
substance is the same as in the plasma. This conception of 
permeability has received support from the assertions that the 
corpuscles take up and give off sugar more slowly than the plasma. 
It may possibly derive some support from the fact that washing 
in physiological salt solution changes the corpuscles in such a 
wav that they take up less sugar, as reported by former authors. 
In view of the almost uniformly lower concentration in the cor- 
puseles, however, and the quickness of adjustment on this basis 
whether the blood sugar rises or falls, it seems a more probable 
assumption that the coefficient of distribution depends upon 
solubility, glucose being more freely soluble in the plasma than 
in the corpuscle substance, perhaps because of the lpoid content 
of the latter. 

t. Inasmuch as the sugar content of the corpuscles is subject 
to considerable irregularities from unknown causes and without 
known physiological significance, plasma analyses should be 
preferred to those of whole blood for experimental and clinical 
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THE ANTISCORBUTIC CONTENT OF CERTAIN BODY 
TISSUES OF THE RAT. 


THE PERSISTENCE OF THE ANTISCORBUTIC SUBSTANCE IN THE 
LIVER OF THE RAT AFTER LONG INTERVALS ON A 
SCORBUTIC DIET. 


By HELEN T. PARSONS. 


(From the Department of Chemical Hugiene, School of Hygiene and Public 
Health, the Johns Hopkins University, Baltimore.) 


(Received for publication, September 23, 1920.) 


One of the most striking features of the need of the animal 
organism for the group of unidentified food factors is the great 
dissimilarity which certain animals exhibit in their requirements 
as contrasted with the great similarity existing among others 
even more widely separated in the biological classification. For 
example the guinea pig and the monkey have closely similar re- 
quirements for the antiscorbutic substance. On the other hand 
the two rodents, the guinea pig and the rat, differ most remarkably 
in this regard. <A discrepancy of this kind cannot but challenge 
investigation, because any light which may be shed upon the mat- 
ter may eventually offer a clue as to the nature of the function 
of the unidentified dietary essentials in animal nutrition, and 
since one of the main objects of animal experimental feeding Is to 
obtain a basis for judging the nutritive requirements of other spe- 
cies with which experiments are not so easily conducted, an 
understanding of any such pronounced differences in requirements 
as this is certainly to be desired. Several possibilities suggest 
themselves to explain the phenomenon. The antiscorbutie sub- 
stance may be normally absent from the tissues of the rat, because 
the rat may not need this substance for the normal functioning 
of its body. The rat may require antiscorbutic substance, but 
be capable of synthesizing it. The antiscorbutic substance may 
pass into a modified form in foods on ageing, drying, ete. and this 
form may not be utilizable by the guinea pig but be utilized by 
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the rat. The rat’s requirement for antiscorbutic substance may 
be strikingly low. The rat’s requirement for antiscorbutice sub- 
stance may approximate that of the guinea pig from the stand- 
point of metabolism, but there may be less waste of the substance 
due to a ditferent rate of exeretion, ete. 

The problem has been approached by Harden and Zilva (1) 
and by Drummond (2) from the standpoint of the susceptibility 
of the rat to an antiscorbutic deficiency as exhibited by differences 
in growth when an antiscorbutie food was added to, or withheld 
from. a puritied ration. Distinet differences were noted in favor 
of the rats given the antiscorbutie food and Drummond concludes : 


“Tt mav therefore be accepted as experimentally proven that the dietary 
requirements of the higher animals include in addition to a satisfactorily 
balanced ration of proteins, fats, carbohydrate and mineral sa!ts, an ade- 
quate supply of three accessory factors: (1) fat-soluble A, (2) water-soluble 
B, or antineuritie factor, (3) water-soluble C or antiscorbutie factor.” 

The following ration is one fed to rats by MeCollum and 
Davis (3). 


Ration 223 B 


tent 


[t will be observed that this ration is closely similar in its con- 
stituents to the purified rations of Harden and Zilva and Drum- 
mond except that the antineuritic factor is furnished by 64 per 
cent of wheat instead of by the veast. Small amounts of the other 
dietary essentials furnished by the remaining purified constitu- 
ents of this ration, are also furnished by the wheat. Fully as 
excellent growth was obtained in rats by feeding this ration as by 
the use of the purified rations to which antiscorbutic food was 
added. Reproduction was also excellent. It is necessary, there- 
fore, to assume either that 64 per cent of wheat in this ration 
supplied the rat’s antiscorbutie requirement as completely as the 
orange juice or the treated lemon juice in the other diets; or 
that some other essential in the diet was supplied by or improved 
by the wheat addition. Until it can be proved that every indi- 
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vidual factor in the purified rations used by Harden and Zilva and 
by Drummond are optimum in kind and amount except the anti- 
scorbutie factor, there may still be some room for doubt whether 
the improvement resulting trom the addition of fairly large 
amounts of complex mixtures such as orange juice and treated 
lemon juice is in realitv due to its antiseorbutic content. 


Plan of the pe riment. 


The present investigation was planned to approach the problem 
from the standpoint of determining the antiscorbutic content of 
the rat's body tissues, (1) when a typical scurvy diet was fed to 
the rat, (2) when the diet was high in antiscorbutic substance. It 
was planned to test the antiscorbutice content by feeding the rat 
tissues or extracts of the tissues to guinea pigs on a scorbutie 
diet. Investigators (4,5) had reported negative results in obtain- 
ing anv beneficial effect when meat juice was fed to guinea pigs, 
so that presumably the rat muscle tissue might be indecisive for 
the test. The amount of this factor in body organs was appar- 
ently not so well established. A few preliminary experiments 
were therefore run with beef liver and pig liver, and the relatively 
high content of these tissues in the antiscorbutic factor gave prom- 
ise that the rat liver would prove suitable for the experiment. 
The rat muscle tissue was included in the experiment, however, 
beeause in the negative experiments reported by others the fresh- 
ness of the meat was apparently not insured, and it was thought 
that since ageing plays such an important part in the destruction 
of the antiscorbutic substance under certain conditions, this fac- 
tor alone might aecount for the discrepaney of results between 
cuiner pig experiments and the experience of explorers and sol- 
diers (4,6, 7). Also there was a possibility that if the presence 
of the antiscorbutie faetor in muscle was demonstrated there might 
be a more pronounced difference between the two sets of rats in 
regard to the amount contained in the muscle than in the case of 
an organ usually containing a larger amount. Since it was easy 
to obtain fresh fish in the local market it was thought to be of 
interest to feed fish muscle at the same level of intake. In testing 
for the antisecorbutie factor by means of guinea pig feeding it 1s 
more nearly satisfactory to add the material to be tested to the 


4 


| 

| 


590 Antiseorbutie Substance in the Rat 


scorbutic diet from the beginning of the experiment and to deter- 
mine its effectiveness in preventing scurvy than to try to over- 
come it after the svndrome has developed. This, however, 
requires so much material, except in instances where the anti- 
scorbutic substance is practically absent, that in the present inves- 
tigation it was thought necessary to test the material by deter- 
mining its effectiveness in curing the symptoms of scurvy in the 
guinea pig. An arbitrary standard of 15 days of feeding the 
material to be tested was adopted, as this had been found sufhieient 
fo insure the disappearance of signs of scurvy when sufficient 
amounts of pig liver were fed. In some instances treatment dur- 
ing this full time interval was not adhered to because of the lim- 
ited amount of material. 


Production of Experimental Rats. 


Young rats about one-third grown were selected and fed for a 
period of from 213 to 247 days (depending on the time of using 
the individual rat for the experiment) on a soy bean ration simi- 
lar to that emploved by Cohen and Mendel (8) and later modified 
by Givens and Cohen (9), 


Scorbutic Ration TI. 


per 


This ration was selected because it was desired to use one which 
was adequate for the nutritive requirements of the rat over long 
periods of time, and which at the same time was a satisfactory 
diet on which to produce scurvy in the guinea pig. Guinea pigs 
refuse to consume a satisfactory amount of many of the complex 
rations on which the rat thrives, so that the range of suitable 
scurvy-producing diets for use in guinea pig feeding is therefore 
narrowed, During 136 davs of the feeding period 13 per cent of 
milk solids was incorporated in the ration. 8 per cent of dried 
skimmed milk was used, together with 5 per cent of butter fat to 


i 
| 
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replace the fresh milk used by these investigators. Attempts to 
autoclave the dried milk resulted in such a degree of carameh- 
zation that this treatment was abandoned. During 38 days at 
the beginning, and from 39 to 73 davs at the end of the experi- 
ment (the variation due to the time of killing the animals), the 
dried milk was left out of the ration altogether, and replaced 
by an equivalent amount of soy bean meal to eliminate the slight 
source of antiscorbutie substance in the dried milk. 


Scorbutic Ration IT (Ration I without Dried Milk). 


Production of Control Rats. 


The control set of rats were full grown, vigorous rats which had 
been discarded from various experimental rations in the rat col- 
ony, and for a period of 1S days were fed a stock ration with 5 ce. 
of orange juice per rat per day together with a water extract of 
the peel of oranges, added to the drinking water. 


Feeding of Guinea Pias. 
0. 


except in the cases where it was known that the guinea pigs had 
been fed on an abundance of succulent food immediately previous 
to the experiment they were given orange juice for a preliminary 
period of 2 days. A longer period was not deemed necessary 
since it was intended to produce scurvy in the guinea pig as a 
preliminary to testing the rat tissues. Scorbutie Ration IT, 
described above, was used as the basal experimental diet. It had 
been found with many experiments with these soy bean rations 
that when the soy bean meal is heated just enough to destroy the 
raw taste but not enough to brown the product markedly, the 
ration was eaten greedily by the guinea pig, but it was found that 
even though the autoclave pressure and length of time of heat- 
ing given by Cohen and Mendel were strictly adhered to, the 
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results could be made to vary from this standard of cooking accept- 
able to the guinea pig palate, merely by varying the amount 
of meal that was put into the autoclave at one time, or the 
surface exposed, as in flat containers. This may account for some 
unsatisfactory results that have been reported by investigators 
when using this ration.! With this proper degree of cooking 
always maintained the ration is eaten so greedily that the growth 
curves become a very helpful index of the degree of scurvy in the 
animal, for the stationary or declining weight of the animal is 
often the first warning of the onset of the syndrome and improve- 
ment in the symptoms of scurvy is nearly uniformly accompanied 
by an improvement in the curve of growth, the correlation of the 
two probably not depending upon any hypothetical growth- 
promoting properties of the antiscorbutic, but upon the fact that 
the guinea pig ceases to eat this ration when the symptoms of 
scurvy make eating painful and resumes eating promptly when 
the svmptoms subside. 


Preparation of Material, 


The rats were killed by chloroforming, the day the tissues were 
used for feeding. The muscles used were those easily removed 
from legs and back. In order to make the most economical use 
of the material and feed it at a high average level, it was neces- 
sary for the amount of muscle used to vary somewhat from day 
to day, since the rats were not of uniform size. ‘The muscle was 
reduced to a fine pulp with shears and extracted with distilled 
water for 3 hours by standing at room temperature. ‘The residue 
from this was extracted again with distilled water for approxi- 
mately 22 hours by standing at ice box temperature. The quan- 
tity of water used was two-thirds the weight of the portion of 
muscle except in the ease of the two highest levels of feeding mus- 
cle, where it was found necessary to reduce this quantity on cer- 
tain days with a variation in the capacity of the guinea pig to 
consume these large amounts. In the ease of the butterfish, as 
much of the muscle as possible was removed from the bones, 35 
gm. of this were weighed out, and an extract was made similar 
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to that of the rat muscle. ‘These water extracts were fed by 
means of a glass syringe. 

The given portions of the rat livers were weighed and rubbed 
through a wire sieve. This paste diluted somewhat with water 
could be readily fed from a glass syringe having a large opening. 
At times when the symptoms of scurvy in the guinea pigs were 
most severe it was necessary to strain out particles of the con- 
nective tissue with cheese-cloth as the least attempt at chewing 
appeared to produce much pain and a disinclination to take the 
material offered. 

The results of the experiments are recorded in Table I and 
Charts I to VI. 


—_ 


CHART 
ADDITIONS OF Pig LIVER. | | | SCORBUTIC Randy r 
| PERIOD 2) 10 Grams Pig LIVER ay BASAL RATION IN | 
PIGO. PERIOD 2, S GRAMSPiG LIVER POLLOWING CHARTS) 
SODIUM CHLORIDE. 3.0 
CALCIUM LACTATE 
DRIED YEAST aie 
_BuTTen ray 
FILTER PAPER 2.0 
~ 


Cuarr l. The beneficial effects of feeding pig liver (Period 2) at suffi- 
ciently high levels to guinea pigs suffering from scurvy are shown. No, 
5 on 10 gm. of liver per day made a complete Peete. but although 
improvement in the symptoms of scurvy of No. 6 was noted, apparently 
5 gm. were not sufficient to insure the disappearance of the symptoms 
of scurvy in this time. The condition of scurvy in No. 6 was more severe 
than in No. 5, however, when the feeding of liver was begun. Although 
the pig liver was said to be fresh and not a cold storage product, the 
exact time that had elapsed since the killing of the animal could not be 
ascertained. 
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F R WITH ADDITION oF | | 


LIVERS (AND KIDNEY AND SPLEEN) RATS reo SAME RATION. 
20 PRION 18 GRAMS LIVER KIDNEY AND “SPLEEN Daily. 
PIG 31 PERIOD 2 10 GRAMS LIVER DANY. 
PERIOD GRAMS LIVER DAILY. 
PIG 3S PERIOD 2 5 GRAMS LiVyR DAILY. 


CHart Il. This chart shows the beneficial effects (Periods 2 and 3) of 
feeding the livers of rats that had been fed a typical scurvy diet. In each 
of the three guinea pigs the svmptoms of scurvy were severe and the 
recovery very rapid and marked. In the case of No. 20, the kidney and 
spleen of the rat were included with the liver to make the plane of intake 
higher, as it was very uncertain that there would be any considerable 
amount of the antiscorbutic substance in the tissues of the rats fed a 
diet in which it was so low. ‘Towards the end of the experiment small 
rats were used and it was necessary to feed the organs of two rats instead 
of one on each alternate dav to make the intake average IS gm. daily. 
This high feeding on every other day produced on the last day o the 
experiment a digestive upset in the guinea pig with diarrhea, loss of appe- 
tite, and rapid loss in weight. No traces of scurvy appeared on autopsy, 
however, so that the svmptoms had no relation to a condition of scurvy. 
Owing to the limited amount of material, No. 33 was fed liver for only 11 
days. On autopsy slight traces of the scurvy condition were still present. 
These would undoubtedly have disappeared in 4 more days of feeding as 
completely as in No. 31 which received 10 gm. for 4 days and 5 gm. for the 


fremaining 11 days. Apparently 5 gm. of this liver per day was not the 


minimum amount which would cure scurvy in the guinea pig. 
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cHaRTIO 
_ GUINEA PIGS FED “SCORBUTIC RATION ADDITIONS 
LIVERS OF RATS wit ICH HAD RECCIVED “ORANGE JUICE. 


at PERIOD 2 5 Shans! “LIVER DAILY. 
| | | | | | 
240 


— 


Cuart III. The diet of these guinea pigs and those in Chart II are 
similar except that in Chart III the rats supplying the livers which were 
added during Period 2 were fed a large amount of antiscorbutic material 
in the form of orange juice for a period of 18 days previous to the experi- 
ment. A complete recovery was made in the case of both these guinea 
pigs but the recovery seemed to be somewhat slower in No. 34. Apparently 
3 gm. of this liver a day is nearly the minimum amount which will produce 
a cure in this length of time. Compare these animals with those in Chart 
II where the rats supplying the livers had been fed the scorbutie soy bean 
rations. 
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| PIGS FED SCORBUT 
FR ExTRACT 7 AMUSMLE ¢ 


FRA 


| 


IC RATION IE ADDITIONS 


FED SAME DIET. 


| 
PIG 24 PERIOD Z EXT. 38 GRAMS (AVG) MUSCLE DAILY. 
< 21 Penson 2 WATER EXT. 34 GRAAS(AVG) MUSCLE DAILY. 
300 
4a 
‘DAYS 
280 
240 7 
220 
/ 
Pic 26 
£00 2 — 
180 21 | 
16 
| \ | 
140-—— + 
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Cyartr LTV. This chart illustrates the negative results in feeding guinea 
pigs water extract of the muscle of rats fed the soy bean diet. 
was not benefited by 5 days of feeding this extract and was so weak and 
helpless at the end of this time that it took the extract with difficulty. 
An attempt was made to revive it by feeding pig liver but this failed and 
it died with severe scurvy. 

No symptoms of scurvy had been observed when the feeding of No. 26 
with this same water extract of muscle was begun, but these developed a 


No. 21 


few days later, and the guinea pig showed severe scurvy on autopsy. 


was not possible to feed the muscle extract to this guinea pig at the same 
high level of intake as to No. 24 (Chart V), as it did not cooperate well in 


taking such large quantities. 


[ ! | 
| 
4 


CHART 
_ GUINEA PIG, FED S¢oRBUTIC 
WATER EXTRACT OF MUSCLE OF cE. 
24 PERIOD 2 WATER EXTRACT 37) GRAMS MUSCLE DAILY. 
os PaRIOD 3 TRACT 55 | GRAMS MUSCLE (AVG.WT) 
| PERIOD4 «WATER EXTRACT 95 | GRAMS MUSCLE (AVG. Wr) 
320 + 
| | | ! | 
240: ——+ | | 4 DAYS 
220 
| | 


Cuart V. This chart illustrates the effect of feeding a guinea pig water 
extract of muscle from a rat which had received orange juice. During the 
7 days it was fed approximately the same level of intake that Nos. 21 and 
26 received (Chart LV); the symptoms of scurvy grew steadily worse until 
the guinea pig was in a most miserable condition. However, it took the 
extract greedily so that it was possible to increase the amount fed. When 
the intake reached the equivalent of 55 to 95 gm. a day the symptoms 
improved, and the guinea pig was active and sleek when chloroformed. 
On autopsy, however, signs of scurvy were still present. Compare this 
chart with Chart IV. 


| 
GUINEA PIG FED SCORBUTIC RATION If WITH ADDITIONS 
= OF WATER EXTRACT OF MUSCLE OF BYTTER FISH. | 

| 


PERIOD 2 WATER EXTRACT 35 GRAMS 


y, | 


220- | 
= 
180 \ | 
PIG 
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Cuartr VI. For purpose of comparison the water extract of fresh fish 
muscle was fed to this guinea pig at the same level at which extract of rat 
muscle was fed to No. 21. No improvement in the symptoms of scurvy 
was noted, but on the other hand the condition of scurvy grew steadily 
worse so that the pig died before the 15 days feeding was completed. 
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DISCUSSION, 


The rapid disappearance of the symptoms of severe scurvy, 
substantiated by postmortem findings and correlated with the 
resumption of eating and a rapid gain in weight, during the 15 
days (or less) when the guinea pigs were fed the livers of rats 
which had for a long period consumed a typical scurvy diet, leaves 
no doubt that this tissue with this history is rich in the antiscor- 
butie factor. It was, in fact, effective in relieving the symptoms 
of scurvy at such a low level of intake (5 gm. during a period of 11 
days) that, without the use of larger numbers of animals, it could 
not be said that the livers of the control set of rats which had 
consumed orange juice were richer in this factor. This similarity 
between the two sets of rats in their tissue content of antiscor- 
butie factor is not contradicted by the results in feeding the 
muscle although the results in this case are indecisive, since it 
was not possible during this investigation to feed both at the 
same excessively high level. ‘These results are in agreement with 
the instance cited by Smith (6) of the Arctic explorer, Dr. Kane, 
who attributed his freedom from scurvy during a winter on ship- 
board in the Arctic regions to the fact that he ate the rats with 
which the ship was infested. The diet upon which these rats 
lived must have been very low in the antiscorbutie substance. 

This demonstration of such considerable amounts of the anti- 
scorbutie factor in the livers of these rats disposes fairly definitely 
of the first hypothesis stated; namely, that the rat may not require 
antiscorbutic substance for its normal metabolism. It seems 
entirely improbable that the presence of this factor in the bodies 
of these animals should be aecidental, especially since the amounts 
in the bodies of the two sets of rats approximate each other so 
closely. A synthesis of this factor is indicated, both by these 
results, and by the excellent growth and reproduction obtained 
in rats by the feeding of such rations as Ration 223 B cited above, 
in which no constituent has been shown to allay scurvy symptoms 
in the guinea pig. Closely allied to this hypothesis of a synthesis 
is the possibility that the rat ean utilize some slightly different 
inactive forms of the antiscorbutie substance into which the active 
form might theoretically pass on ageing, drying, ete., and from 
which it might be rapidly changed in such physiological proc- 
esses as the sprouting of seeds. 
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An alternative explanation is that the rat has a very definite 
food requirement for the antiscorbutic factor but that this is 
quantitatively very small in comparison with the requirement of 
the guinea pig and has been met in this experiment by the content 
of the soy bean rations used. This hypothesis might explain 
also the suecess of such rations as Ration 223 B. Some constitu- 
ent of this diet might presumably carry a sufficient quantity of 
the antiscorbutic faetor for the requirement of the rat, but escape 
detection in the light of the much larger requirement of the guinea 
pig. But if this explanation is accepted it is surprising to find 
such an abundance of the factor in the bodies of the rats fed on 
the scorbutie soy bean diet. It would be logical to assume that 
an extremely small requirement for a food factor would not 
necessitate the presence of a relatively large supply of that 
factor in the body of the animal. It is conceivable that the rat 
has acquired not only a lowered requirement but also a phenom- 
enal capacity to store the antiscorbutic substance through a 
biological adaptation to a food supply which over long periods 
of time is very deficient in this substance. It is not apparent 
what relation the presence of this factor in the liver bears to its 
abundance or depletion in the rest of the body. It is conceivable 
that the liver cells are so constituted that a considerable supply 
of the antiscorbutie factor may be contained in them while at 
the same time the content of other tissues is below the level at 
which proper functioning is possible. It is proposed to test this 
point by determining also the antiscorbutie content of livers of 
guinea pigs suffering from seurvy as contrasted with the livers of 
normal guinea pigs. Until such a determination is made, the most 
probable hypothesis is to assume that such a strikingly large 
amount of the antiscorbutic factor as has been demonstrated in 
the livers of these rats indicates a satisfactory content in the 
body. It remains to be seen what amount of antiscorbutic sub- 
stance is contained in the tissues of rats fed over long periods of 
time on adequate purified rations, freed from the antisecorbutic 
factor as thoroughly as can be done in the light of our present 
knowledge. This freedom is difficult to insure, as the guinea pig’s 
requirement is so high that it is impossible to detect the presence 
of traces of antiscorbutic substance in their diet. In an otherwise 
purified diet the material carrving the water-soluble B might be 
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under suspicion of also carrying traces of the antiscorbutic agent. 
The work of Delf (10) makes it uncertain also just what degree 
of heating would be necessary to insure that no trace of this 
substance would be left in a treated food. 

Preliminary experiments of an investigation aimed to test the 
comparative amount of antiscorbutic substance in eggs and in 
newly hatched chickens appear to give some additional weight 
to the probability of a synthesis of antiscorbutic substance by 
certain animal tissues, or a utilization of forms other than those 
available to the guinea pig. 


SUMMARY. 


1. A high content of the antiscorbutie substance is demon- 
strated in the liver tissue of the rat not only after feeding for a 
short time on a diet rich in the antiscorbutie substance, but also 
after feeding over a long period of time on a typical scorbutie 
diet. 

2. These results are offered as an indication of the need for the 
antiscorbutie factor in the normal metabolism of the rat. 

3. Possible sources in the rat’s body of the antiscorbutic sub- 
stance, such as the presence of undemonstrated amounts in the 
food, utilization of a form not available to the guinea pig, and a 
synthesis of this factor by the rat’s tissues, are discussed. 
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THE ANTISCORBUTIC REQUIREMENT OF THE PRAIRIE 
DOG. 


By KE. V. McCOLLUM HELEN T. PARSONS. 
(From the Department of Chemical Hygiene, School of Hygiene and Public 
Health, the Johns Hopkins University, Baltimore.) 


> 


PLATES 2 AND 3. 
(Received for publication, September 27, 1920.) 


In view of the fact that it is well demonstrated that certain 
species of mammals, as man, monkey, and guinea pig, cannot be 
adequately nourished on a diet which fails to supply a sufficient 
amount of the antiscorbutic substance (water-soluble C), whereas 
the rat can be nourished in a manner which at least closely ap- 
proximates the normal during a long period without more than 
possible traces of antiscorbutic substance, it is of interest to exam- 
ine other species in order to find how general among mammals Is 
their susceptibility to scurvy. 

We have, for example, seen young rats grow from weights of 
40 to 60 gm. to essentially the full adult size on a diet of purified 
protein, dextrin, butter fat, a salt mixture, and agar-agar, supple- 
mented with an alcoholic extract of 10 gm. of wheat germ per 100 
gm. of ration to furnish the factor water-soluble B. One group 
of such rats was but slightly inferior in appearance after 15 months 
on this diet. The possibility is not excluded that these animals 
received a small amount of antiscorbutic substance from the wheat 
embrvo extract, but their diet was one which would not have 
supplied sufficient antiscorbutie factor to prevent prompt devel- 
opment of scurvy in a guinea pig. 

In the preceding paper Parsons! has discussed the problem of 
the source of the antiseorbutie factor in the livers of rats which 
were fed during long periods on diets which failed to afford any 
demonstrable protection against scurvy ina guinea pig. In the 


1 Parsons, H. T., J. Biol. Chem., 1920, xliv, 587. 
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present communication we desire to describe an experiment which 
shows that another rodent, the western prairie dog (Cynomys 
ludovicianus), behaves lke the rat rather than the guinea pig. 
The prairie dog is capable of growing during several months and 
remaining free from any symptoms of scurvy on a diet which 
utterly fails to protect the guinea pig against this disease. 

In January, 1918, seven prairie dogs were secured from New 
Mexico through the courtesy of the Bureau of Animal Industry, 
United States Department of Agriculture. They were, for want 
of better facilities, kept in laboratory cages in a heated building. 
Two litters of voung were secured, one of which was lost through 
accidental injuries to the mother. Two young from another litter 
were successfully weaned. These were employed as subjects in 
the experiment deseribed in this paper. One died from digestive 
disturbances soon aiter the beginning of the experiment. 

Our purpose in using these animals for this study was to com- 
pare them with guinea pigs in respect to their susceptibility to 
scurvy. We sought young prairie dogs for this study because, 
like the rat and guinea pigs, they are rodents, and of approxi- 
mately the same size as the guinea pig. Furthermore, the diet 
of the prairie dog, at least during a large part of the vear, consists 
of succulent grass rich in antiscorbutic substance. 

The animal which grew to maturity, and the growth curve of 
which is presented in Chart 1, weighed 18 gm. when 1 day old, and 
at the age of 62 days weighed 169 gm. At this age (Period 2) it 
was placed on a modification of the sov bean flour diet found by 
Cohen and Mendel? to be satisfactory for inducing growth in 
young guinea pigs when supplemented with a suitable source of 
the antiscorbutic substance, but incapable without such addition 
of protecting the animals against the prompt development of 
scurvy. The diet used was essentially like that of Cohen and 
Mendel, except that it was poorer in antiscorbutie substance. 
They included in their diet sufficient rich Jersey milk to furnish 
5 per cent butter fat. We replaced the milk in our diet by 5 per 
eent purified butter fat and sov bean flour. 

Although this diet would lead to the development of scurvy in 


the guinea pig in 2 to 3 weeks, the young prairie dog in our 


2? Cohen, B., and Mendel, L. B., J. Biol. Chem., 1918, xxxv, 425. 
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(Harr l. The long growth curve in the chart shows the history of a 
young prairie dog. Period 1 represents the period of nursing, to independ- 
ence in diet. In Period 2 the animal was fed a diet consisting of cooked 
soy bean meal 84.0, sodium chloride 3.0, calcium lactate 3.0, dried veast 
3.0, butter fat 5.0, and filter paper 2.0 per cent. This diet contains too 
little antiscorbutie substance to be demonstrated with a guinea pig. On 
this diet the animal grew during 6 months from a weight of 169 to 690 gm. 
After this time there was very little growth on this diet. There is the 
possibility that the hibernating instinct was in part responsible for the 
cessation of growth which occurred about December 1. 

The animal was photographed at the point marked by an asterisk. In 
order to determine whether the cessation of growth was due to lack of the 
antiscorbutie factor in the food, 7 to 9 gm. of peeled orange were given 
daily during 3 weeks, but the animal declined 40 gm. in weight during the 
period. In Period 4 the orange was omitted and 1 per cent cod liver oil 
was introduced into the diet. This modification did not arrest decline. In 
Period 5 the diet was changed to a mixture of grains and dried buttermilk, 
and after 4 days 5 gm. of green grass were given every few days. On this 
diet the prairie dog began promptly to gain in weight and continued to 
grow. During the following6 months the animal grew from 604 to 1,195 gm. 

The behavior of the animal in Period 2 on a scorbutie diet shows that 
this species is able to grow rapidly from nine to twelve times the interval 
necessary for the development of scurvy in the guinea pig on the same 
diet. At no time during the experiment did the prairie dog manifest any 
svyinptoms of seurvy. 
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experiment grew well on it during a period of 6 months. At the 
end of this time it showed no signs of scurvy but became lethargic 
and had a poor appetite. This was probably due in part at least 
to its hibernating instinct, for the cessation of growth happened 
about December 1. By March 1, however, the animal was awake 
and active, but did not resume growth. In order to discover 
whether this could be due to the lack of the antiscorbutie sub- 
stance it was given 7 to 9 gm. daily of peeled orange. It did not 
at this time show any symptoms of scurvy. It declined about 40 
gm. in weight during 3 weeks while receiving the orange, which 
seemed sufficient evidence that the decline was not due to the lack 
of this dietary factor. The orange was then discontinued, and 1 
per cent of cod liver oil was included in the diet during the next 
12 days, but this change did not arrest the decline. The animal 
was then changed to a ration consisting of mixed grains and dried 
buttermilk, and was given small amounts of green grass at inter- 
vals of a few days. It began to increase in weight within a week, 
and at the age of nearly 19 months weighs 1,195 gm., whereas 
it weighed 700 gm. at its highest point reached while fed the 
scorbutie diet. At the time of writing this paper (September 21) 
the animal is again beginning to appear drowsy and takes less 
than the usual amount of food. 

The following explanations might be brought forward to account 
for the arrest in growth about December 1: (1) Lack of anti- 
scorbutic substance; (2) instinct to hibernate at this season of 
the vear; and (3) some other fault in the diet. 

The first of these possible explanations seems satisfactorily dis- 
posed of by the failure of the animal to respond to 3 weeks feeding 
of orange juice. 

Givens and Cohen® found a diet similar to that of Cohen and 
Mendel, consisting of sov bean flour 76.3; milk solids 11.4; dried 
veast 2.9; paper 2.9; calcium lactate 2.9; sodium chloride 2.9 per 
cent, to be satisfactory for the growth of rats to maturity, but 
these rats failed to rear the young which were born. There can 
be no doubt that the food supply of our prairie dog, which was 
similar to their diet except that about 7 to 8 per cent of the non- 
fat solids of the milk was replaced by soy bean flour, was inferior 


‘Givens, M. H.. and Cohen, B., J. Biol. Chem., 1918, xxxvi, 127. 
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In ifs mucriiive value to theirs. This substitution was made for 
the purpose of eliminating «a known source of antiscorbutie 
substance. 

The record of our prairie dog is of interest because it shows that 
this species is eapable of growing for a period of 6 months on a 
scorbutie diet. This is equivalent to nine to twelve times the 
interval that is necessary for the development of scurvy in the 


pig. 


EXPLANATION OF PLATES. 
PLATE 

Kies. | and 2. The photographs were taken February 29, 1020. The 
animal had then been on the seorbutie diet 265 days. About Decem- 
ber | it ceased to grow, but remained in good eondition and at its 
maximum weight up to the time of taking these pietures. These photo- 
graphs, therefore, show the excellent nutrition of the animal about the 
time when orange juice was introduced in the diet. 


PLATE 5. 

Pics. and 4. These photographs were taken September 19, 1920, after 
the animal had been on a mixed diet containing small amount. of grass fo 
153 days. Fig. 4 shows a marked accumulation of fat. This is probably 
sufhcient to account for most of the gain in weight which followed the 
change from the seorbutie diet to the mixed diet containing the grass. 
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